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EXECUTIVE SUMMARY

Purpose and Scope

The 100 Area is one of four areas at he Hanford Site placed on the National Priority
List of waste sites in 1989 under the authority of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA). The Hanford Federal Facilities
Agreement and Consent Order (Tri-Party Agreement) (Ecology et al. 1990) was developed
jointly by the Washington State Department of Ecology (Ecology), the U.S. Environmental
Protection Agency (EPA), and the U.S. Department of Energy (DOE) to achieve compliance
with CERCLA, including the Superfund Amendments and Reauthorization Act (SARA)
remedial action provisions, and the Resource Conservation and Recovery Act (RCRA). The
Tri-Party Agreement includes a site characterization and remediation strategy for 100 Area
waste sites-

The Tri-Party Agreement strategy is supplemented by the Hanford Past-Practice
Strategy (DOE-RL 1991), which emphasizes expedited remedial action by using Focused
Feasibility Studies (FFS) and interim actions. This approach calls for FFSs at those waste
sites identified as the higher priority sites (sites that have more wastes or pose higher risks).
High-priority sites are designated as candidates for interim remedial measures (IRM) based
on information contained in Operable Unit-specific Work Plans and Limited Field
Investigations.

The purpose of this 100 Area Source )perable Unit FFS is to provide decision
makers sufficient information to select interim Remedial Alternatives for IRM candidate
waste sites within the 100 Areas. The scope encompasses high-priority source waste sites
(sites at which there was direct disposal of wastes or a direct release of hazardous
substances). Lower priority source waste sitts, including the potentially impacted river
sediments, will be considered in subsequent documentation. Separate groundwater FFSs will
address groundwater contamination in the 100 Amea.

100 Area Description

The 100 Area (approximately 69 km 2 127.6 mi'j) is located in the north-central part of
the Hanford Site along the southern shore of he Columbia River. Between 1943 and 1962,
nine water-cooled reactors were built along the shore of the Columbia River. The reactors
are no longer operating.

Operations at the reactors in the 100 Area released radionuclides and inorganic and
organic chemicals to soil and groundwater near the reactors. Releases occurred via leaks in
the reactor cooling water transfer systems and the intentional disposal of cooling water
effluent and miscellaneous effluents into cribs and trenches. In addition, solid wastes were
buried in unlined trenches. The result was contamination of the soil and groundwater.
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FFS Approach

The 100 Area Feasibility Study Phascs I and 2 (DOE-RL 1993a) provided a general
screening of remedial action alternatives for a wide range of waste sites and contaminated
media types. This 100 Area Source Operable Unit FFS builds on the initial phases of the
Feasibility Study and consists of three majoi components: (1) the Process Document, (2) a
Sensitivity Analysis, and (3) Operable Unit ,pecific FFSs. These major components and
associated appendices are listed below.

* Process Document (main body oF document, Sections 1.0 through 7.0 and
Appendices A, B, and C)
- Appendix A - Development .f Preliminary Remediation Goals
- Appendix B - Cost Estimate Summaries
- Appendix C - ARAR Tables

* Appendix D - Sensitivity Analysis (with Attachments 1 through 6)
* Appendices E through G: Operable Unit Specific FFS

- Appendix E - 100-HR-1 Optrable Unit FFS
- Appendix F - 100-BC-1 Operable Unit FFS
- Appendix G - 100-DR-I Operatle Unit FFS

Process Document

Because there are more than 500 individual waste sites in the 100 Area, and many of
these are similar to each other, they were griuped based on similar physical characteristics,
operational history, and contaminated media. For example, there are cooling water retention
basins at each reactor in the 100 Area, so all of the retention basins were placed into one
waste site group. For the purposes of this FFS, the waste sites were grouped into the
following 10 categories:

e Retention basins
" Sludge trenches
e Fuel storage basin trenches
" Process effluent trenches
" Pluto cribs
" Decontamination cribs and french drai is
" Seal pit cribs
" Pipelines
e Burial grounds
" Decontaminated and decommissioned facilities

Remedial action objectives were identified for remediation of these waste site groups
as follows:

* Limit exposure of human receptor; to contaminated soils
* Limit future impacts to groundwater
* Comply with applicable or rek vart and appropriate requirements (ARAR)

iv
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* Limit exposure of ecological rtceptors to contaminants
* Avoid or minimize destruction of natural resources.

The remedial action objectives were then expressed numerically as preliminary
remediation goals (PRG). These PRGs are cons ituent concentrations in soils that are
protective of human health and the environment. The PRGs were calculated for each
contaminant and represent the soil concentrat ons that could be left in place at the site after
interim remedial action is completed.

The PRGs for soils developed in the 'rocess Document are based on an exposure
scenario that assumes occasional use of the land surface and remediation of soils sufficient to
protect the groundwater as a drinking water sourse after interim remedial action is
completed.

Six general categories of Remedial Al ernatives previously identified in the 100 Area
Feasibility Study Phases I and 2 (DOE-RL 1993a) were retained as the most appropriate
Remedial Alternatives to satisfy these PRGs. These are as follows:

* No action
* Institutional controls
* Containment
* Removal/disposal
* In situ treatment
* Removal/treatment/disposal.

The No Action Alternative represents i condition where no restrictions, controls, or
active remedial measures are applied to a waste site. The Institutional Control Alternative
includes administrative measures, such as monitoring and access restrictions to minimize
potential contact with contaminants left in place. The Removal/Disposal Alternative
involves excavation of contaminated materials and demolition of contaminated structures, and
transportation of contaminated materials to a central disposal facility. The Containment
Alternative includes surface barriers (caps) and surface water control structures to restrict
contact with contaminants and/or limit the migration of contaminants left in place. The In
Situ Waste Treatment Alternative uses technologies, such as grout injection for pipelines,
dynamic compaction at solid waste sites, or Ir Situ Vitrification of contaminated soil, to
minimize waste volumes and prevent migration of contaminants. The Removal/Treatment/
Disposal Alternative involves excavation of contaminated materials, onsite treatment of
contaminants, such as soil washing, and transportation of remaining contaminants to a central
disposal facility.

The Remedial Alternatives were evaluated first with respect to cleaning up waste site
groups (in the Process Document), then with respect to cleaning up individual waste sites (in
the Operable Unit specific FFSs). The Process Document evaluates each alternative with
respect to CERCLA criteria, then compares the alternatives to each other. The CERCLA
criteria (EPA 1988) are as follows:

* Overall protection of human hea!th and the environment
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* Compliance with ARARs
* Long-term effectiveness and pt rmanence
* Reduction of toxicity, mobility, anid volume through treatment
* Short-term effectiveness
* Implementability
e Cost
* State acceptance
* Community acceptance.

Other environmental considerations, sich as potential impacts on transportation,
ecological resources, air quality, noise, and cultural resources, were also considered in the
analysis. Key discriminators defined as "criteria where differences between alternatives were
observed" were selected within the evaluatior. criteria to assign a numerical ranking to
compare remedial alternatives for each waste site group.

The Removal/Disposal Alternative ranked the highest of all remedial alternatives for
all waste site groups. Because it removes contaminants from the waste site and disposes of
them in a central disposal facility, it provides a high degree of overall protection. This
alternative reduces the mobility of the contaminants at the waste site to a higher degree than
other remedial alternatives, such as containment and in situ treatments. For technical and
administrative reasons, this alternative is easier to implement than other remedial
alternatives. The technical aspects of the Removal/Disposal Alternative, such as excavation
and hauling, are routine. The cost tor this remedial alternative is generally lower than other
proposed alternatives.

Sensitivity Analysis

The Sensitivity Analysis (Appendix D) compares the potential differences in waste
volumes, costs, and environmental impacts associated with different exposure scenarios. The
five exposure scenarios addressed in the Sensitivity Analysis include (1) the scenario used in
the Process Document (soil remediation consistent with occasional use of the land and
frequent use of groundwater), (2) soil remediation to support occasional use of both the land
surface and groundwater, (3) soil remediation to support frequent use of both land and
groundwater, (4) modified frequent use (soil remediation to support frequent use of land with
no use of groundwater), and (5) complete excavalion.

A sixth scenario was added after the ir itial analysis was completed and is included as
Attachment 6 of the Sensitivity Analysis. Tht new scenario is based on remediating soils to
meet Model Toxics Control Act (MTCA) Method B standards for nonradiological
contaminants and the EPA-proposed 15 mrem yr above background exposure limit for
radionuclides. This new scenario also includes remediating soils to protect onsite
groundwater resources and groundwater flows into the Columbia River. This scenario
closely approximates the frequent use exposure scenario that is addressed in the Sensitivity
Analysis and is hereafter referred to as the reN ised frequent use scenario. Attachment 6
defines this new scenario and provides an analysis of how the existing analysis of alternatives
in the Process Document changes under the revised frequent use scenario.

i
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Operable Unit Specific FFSs (100-HR-1, 100-BC-1, 100-DR-1)

The operable unit specific FFSs (Appendices E, F, and G) for 100-HR-1, 100-BC-1,
and 100-DR-1 evaluate the remedial alternatives based on the known characteristics of
individual waste sites within the operable uni s. An analysis of remedial alternatives, using
both the detailed and comparative analyses results from the Process Document, is included.
If possible, the alternative analysis from the Process Document is used in the operable unit
specific FFS if the individual waste site at the operable unit adequately matches the
characteristics of its corresponding waste site group. If the match is not adequate, the
operable unit specific FFS develops an independent analysis of alternatives based on site-
specific information.

Sections 1.0 through 6.0 of the operable unit specific FFSs (Appendices E, F, and G)
are based on the baseline exposure scenario used in the Process Document (soil remediation
to support occasional use of the land surface md frequent use of groundwater). A new
section has been added to each Operable Unit specific FFS to assess how the analyses
conducted in the Process Document (Sections 1.0 through 6.0) change under the revised
frequent use scenario discussed in Attachment 6 of the Sensitivity Analysis.

This 100 Area Source Operable Unit I FS provides the information and rationale to
evaluate remedial actions at high-priority wasie sites in the 100 Area. The analysis of
remedial alternatives was conducted using several different exposure scenarios, and thereby
provides a basis for the Tri-Parties and the public to evaluate the remedial alternatives as
presented, and also to evaluate different combinat ions of remedial technologies and exposure
scenarios. This 100 Area Source Operable Unit FFS is inrended to provide the information
base that will support the selection of an alternative.
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ACRONYMS

ALI
ARAR
CAMU
CERCLA

CFR
DAC
D&D
DOE
Ecology
EPA
ERDF
FFS
HPPS
ICRP
IROD
LDR
MT
MTCA
MTR
NCRP
NEPA
NESHAP
PQL
PUREX
RCRA
TBC
SVOC
Tri-Party
Agreement

VOC
WAC
W-025

annual limit on intake
applicable or relevant and appropriate requirements
corrective action management unii
Comprehensive Environmental Response, Compensation, and Liability Act
of 1980
Code of Federal Regulations
derived air concentration
decontamination and decornmirsioning
U.S. Department of Energy
Washington State Department of Ecology
U.S. Environmental Protection Agency
Environmental Restoration Disposal Facility
focused feasibility study
Hanford Past-Practice Strateg)
International Commission on Radiological Protection
Interim Record of Decision
land disposal restrictions
metric tons
Model Toxics Control Act
minimum technological requirements
National Council on Radiation Protection and Measurements
National Environmental Policy Ac
National Emission Standards fcr Hazardous Pollutants
practical quantification limits
Plutonium Uranium Extraction
Resource Conservation and Re overy Act
to be considered
semivolatile organic compound,
Hanford Federal Facility Agreement and Consent Order

volatile organic compounds
Washington Administrative Co6e
Radioactive Mixed Waste Land Disposal Facility
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1.0 INTRODUCTION

The 100 Areas of the Hanford Site, aIong with the 200, 300, and 1100 Areas
(Figure 1-1), were placed on the U.S. Environmental Protection Agency's (EPA) National
Priorities List on November 3, 1989, under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (C ERCLA). Under the Hanford Federal Facility
Agreement and Consent Order (Tri-Party Agreement, Ecology et al. 1990) signed by the
Washington State Department of Ecology (Ecology), EPA, and the U.S. Department of
Energy (DOE), more than 1,000 inactive waste disposal and unplanned release sites on the
Hanford Site have been grouped into a number of source and groundwater operable units.
These operable units contain hazardous waste, radioactive/hazardous mixed waste, and other
CERCLA hazardous substances. The Tri-Party Agreement requires that the remediation
programs at the Hanford Site coordinate the requirements of CERCLA, the Resource
Conservation and Recovery Act (RCRA), Washington State's dangerous waste (the state's
RCRA-equivalent) program, and the Nationtl Environmental Policy Act (NEPA).

Because of the complexity of the operable units at the Hanford Site, signatories to the
Tri-Party Agreement developed a coordinated CERCLA/RCRA site characterization and
remediation strategy to comprehensively and expeditiously address environmental concerns
associated with the Hanford Site. This strategy is known as the Hanford Past-Practice
Strategy (HPPS) (DOE-RL 1991). The HPPS emphasizes integration of the results of
ongoing site characterization activities into the decision-making process as soon as practicable
(observational approach) and expedites the rumedial action process by emphasizing the use of
interim actions. In accordance with the HPI'S, this 100 Area Source Operable Unit Focused
Feasibility Study (FFS) will facilitate the selection of appropriate interim remedial measures
for high priority source sites in the 100 Area. The HPPS and the associated interim remedial
measure pathway leading to the generation o, 100 Area FFS documents are presented
graphically in Figure 1-2.

This 100 Area Source Operable Unit FFS contains three major components. The first
major component of the report, Sections 1.0 through 7.0, and Appendices A, B, and C are
referred to as the Process Document. The Process Document describes the Remedial
Alternatives developed for remediation of tht 100 Area source waste sites, evaluates these
alternatives against CERCLA and other environmental criteria, and then compares the
alternatives against each other. The Process Document, however, does not address
individual waste sites; it addresses 10 waste *-ite groups that represent logical groupings of
the individual waste sites. The Process Document evaluates the Remedial Alternatives for
each waste site group assuming their groundwater should be protected as a potential drinking
water source and the remediated areas will be used for recreational or other occasional use
scenarios (not residential or industrial use).

A second major component of this report the Sensitivity Analysis (Appendix D), was
prepared to evaluate how the analysis in the Process Document might change for different
exposure scenarios. The additional scenarios considered ranged from frequent use with
remediation of soils to support groundwater for drinking, to remediation to support
occasional use of both the land and the grourdwater.
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The third major component comprises the operable unit specific FFSs prepared for the
100-HR-1, 100-BC-1, and 100-DR-1 Operable Units (Appendices E, F, and G). These FFSs
evaluate the Remedial Alternatives for remediation of specific waste sites within each
operable unit. The operable unit specific FFSs use the information in the Process Document
and Sensitivity Analysis, along with the characteristics of individual waste sites, to complete
a final evaluation of Remedial Alternatives.

The purpose and scope of the Process Document, the Sensitivity Analysis, and the
operable unit specific FFSs for the source operable units is presented in Section 1. 1. A brief
overview of the 100 Area and a summary of Phases 1 and 2 of the feasibility study
(DOE-RL 1993a) results are presented in Sections 1.2 and 1.3, respectively. A "plug-in"
approach to the FFS for the 100 Area source operable units is introduced in Section 1.4.
Section 1.5 addresses the incorporation of N17PA into the FFS process.

1.1 PURPOSE AND SCOPE

In accordance with the HPPS (Figure 1-2), FFSs are performed for those waste sites
within source operable units that have been identified as candidates for interim remedial
measures based on information contained in work plans and limited field investigations.
These candidate waste sites are the sites considered high priority by EPA, Ecology, and
DOE. The FFS constitutes the Phase 3 (detailed analysis) portion of the feasibility study
process for the Remedial Alternatives initially developed and screened in the 100 Area
Feasibility Study Phases I and 2 (DOE-RL 1993a). The scope of this Process Document is
limited to 100 Area source operable units. The first three of several operable unit-specific
FFSs are included in this document as Appendices E, F, and G.

Additional source operable unit-specific FFS reports are currently in preparation.
Also, impacted groundwater beneath the 100 Area is being addressed in separate operable
unit-specific FFSs (i.e., 100-BC-5, 100-FR-2, 100-HR-3, 100-KR-4, and 100-NR-2
Groundwater Operable Units). In addition, low-priority sites and potentially impacted river
sediments near the too Area are not currentIy considered candidates for interim remedial
measures and will likely be addressed under the final remedy selection pathway of the
Hanford Past Practice Strategy (Figure 1-2).

As shown in Figure 1-3, the FFS process for the 100 Area source operable units is
conducted in two stages. The Process Document represents the first stage of the FFS process
where interim remedial measure alternatives are developed and analyzed on the basis of
waste site groups associated with the 100 Area source operable units (e.g., retention basins,
or sludge trenches). The second stage is the sitt-specific evaluation of the Remedial
Alternatives, which is presented in the operab!e i nit-spezific FFSs (Appendices E, F, and
G).

The objective of this 100 Area Source Op .rable liit FFS is to provide decision
makers sufficient information to allow appropriate and timely selection of interim remedial
measures for sites associated with the 100 Area source operable units. To select any
remedial measure, certain information relating to future land use, groundwater use, cleanup
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goals, and public perspectives is critical. However, to provide "appropriate and timely"
interim remedial measures, not every issue can be fully developed. As a result, the FFS
needs to address these issues without the avalability of final decisions on land use,
groundwater use, etc. This requires balancing multiple issues, including, (1) establishing a
baseline scenario for use during the analysis of alternatives, (2) assessing this baseline
scenario to better understand the impact of changes in the baseline assumptions, and (3)
preparing the documentation necessary to maintain flexibility in the process before the public
review. To this end, the main text (Process Document) of this FFS develops a baseline
detailed analysis and comparative evaluation. This baseline is then supplemented by the
Sensitivity Analysis to investigate impacts caused by changes in the baseline assumptions.
Finally, the operable unit-specific evaluations are provided in separate appendices and reflect
the results of the Process Document and the Sensitivity Analysis.

New remediation goals based on cleaning up organic and inorganic chemicals to levels
consistent with Method B of the Model Toxic, Control Act (MTCA) and cleaning up
radionuclides to EPA-proposed standards of 15 nirem/yr above background were introduced
and agreed to by the Tri-Parties at a late date in the FFS documentation process. This new
scenario also includes remediating soils to protect groundwater resources and groundwater
flows into the Columbia River. These new r'.mediation goals, based on a revised frequent
use exposure scenario, have been written into the Proposed Plans for 100-BC-1, 100-DR-1,
and 100-HR-1 Operable Units. Because of tbe late introduction of these goals, the majority
of the FFS documentation is unchanged, and he revised frequent use scenario is developed
in two new locations:

* Appendix D, Sensitivity Analy, is, Attachment 6, "Development and Analysis
of New Remediation Concept."

* New Section 7.0 in each operable mit specific appendix (Appendices E, F,
and (), "Site Specific Assessm'mt of New Remediation Concept."

1.1.1 Process Document of FFS

The baseline analysis performed in the Process Document was based on objectives
developed jointly by EPA, Ecology, and DOf:

* Analyze Remedial Alternatives nased on a baseline land use scenario that is
not too conservative, but still protective of the environment

e Evaluate the influence on the alterratives analysis of changing the land use
assumptions with reference to the baseline land use scenario

* Provide flexibility so that a different mix of technologies and/or land uses
could be developed to respond Io public comments or agency concerns.
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With these objectives in mind, the following scenario was selected as the baseline
land-use scenario for use in the main text of the FFS:

* Recreational land surface use allowing for occasional use of the land and
resulting in preliminary remediation goals that "middle ground" between the
no land use and unrestricted land use scenarios.

* Protection of groundwater to (rinking water standards. Alternate
concentration limits could be ceveloped for interim remedial measures;
however, until such alternate concentration limits are developed, the only soil
remediation standard that can be applied is soil remediation to support drinking
water standards. Using the drinking water standards can then become the
baseline for soil preliminary remedial goals even though a final groundwater
protection decision has not been made. As discussed previously, a decision on
groundwater use has not and ctnnot be made at this time, but an assumed
groundwater use is required to establish information for comparative analysis
purposes. The remediation of existing groundwater contamination is addressed
in the upcoming FFSs for groundwater operable units; relationships with soil
remediation that have not been addressed at this time can be addressed as part
of that activity.

The process document also provides a bri:f description and historical overview of the
100 Area (Section 1.2), and presents the remrdial action objectives and preliminary
remediation goals for the 100 Area source opsrahle units (Section 2.0). It also summarizes
the results of the 100 Area Feasibility Study Phases I and 2 (DOE-RL 1993a), a prior
feasibility study that screened remedial technelogies and developed the basic Remedial
Alternatives for the 100 Areas. The implementation of an innovative streamlined FFS
process used at the 100 Areas, referred to as ,he "plug-in" approach, is described in Section
1.4). The baseline analysis of alternatives is :onlucted by:

* Identifying each group (Sectior 3.')

0 Describing the 100 Area natural ar d cultural resources (Section 3.0)

0 Describing the interim remedia: measure alternatives (Section 4.0)

e Completing the detailed and co nparative analyses of these Remedial
Alternatives (Sections 5.0 and tO)

1.1.2 Sensitivity Analysis - Appendix D

Once the baseline comparative evaluati n was completed in the Process Document, a
range of land uses was examined to determine how the baseline evaluation would change
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under different land use assumptions. This assessment was done in the Sensitivity Analysis
(Appendix D). The following objectives were established for the Sensitivity Analysis:

* Identify the effects of different exposure scenarios on the base case evaluation
of alternatives presented in the Process Document.

* Identify the effect of changing the target incremental cancer risk for each
scenario from 1 x 10' to I x It

- Evaluate the potential influenc( of different exposure pathways on the
development of remediation goals.

A total of five exposure scenarios are addressed in the Sensitivity Analysis. Other
scenarios are possible; however, the scenario, chosen provide the greatest amount of
flexibility, and each scenario can be viewed as an indicator of the effects caused by a given
change in land use and/or groundwater use.

* The baseline scenario from the Process Document (occasional use of the land
surface and frequent use of groundwater)

* Occasional-use (occasional use of 1)oth the land surface and groundwater)

Frequent-use-(frequent use of both land surfcace and groundwater)

e Modified frequent-use (frequen use of land surface with no use of
groundwater)

* Complete excavation (near total removal of contaminants to frequent-use
1 x t0-1 concentrations at all depths above groundwater).

Contaminated soil volumes -and-re-mediation costs were developed for each of the
above scenarios for four representative waste sites, assuming the Remedial Alternative
involves waste removal, treatment, and disposal. These results were extrapolated to the
entire 100 Area by grouping 100 Area waste sites based on which of the four representative
waste sites they matched best. Based on the estiriated excavation, treatment, and disposal
volumes, corresponding costs were developed for each scenario.

An attachment has been added to the Sens tivity Analysis to assess how the
analysis performed in the Process Document would change if the new remediation approach
introduced by the Tri-Parties were implemented. This discussion is provided as
Attachment 6 to the Sensitivity Analysis.

1.1.3 Operable Unit Specific Appendices

In the operable unit specific FFSs (Appendices E, F, and G), the Remedial
Alternatives based on the known characteristics o specific waste sites within the operable
unit are-evaluated for the baseline land use assurntion (occasional-use of land surface and
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frequent use of groundwater). The operablt unit specific: FFSs draw from the baseline
evaluation of alternatives presented in the P ocess Document to assess how site-specific
information influences the comparative analysis The Remedial Alternatives are ranked with
respect to remediation of specific high-priority waste sites. Section 7.0 of each operable unit
specific FFS has been recently developed to assess how the baseline analysis (Sections 1.0
through 6.0 of each operable unit specific appendix) changes under the new remediation
approach introduced by the Tri-Parties.

Each operable unit specific FFS characterizes the operable unit that will be
remediated (i.e., physical setting and existing natural and cultural sources), summarizes the
results of the corresponding Limited Field Investigation report which identified the interim
remedial measure candidate (high priority) sites within that operable unit, and develops a
characterization profile for each high-priority waste site. The operable unit specific FFS then
conducts an analysis of Remedial Alternatives using the detailed and comparative analyses
results from the Process Document. If possible the alternative analyses from the Process
Document will be plugged into the site specific FFS if the individual waste site at the
operable unit adequately matches the characteristics of the waste site group. If the match is
not adequate, the operable unit specific FFS dexelops a site specific analysis of alternatives.

1.2 100 AREA OVERVIEW

The 100 Area (approximately 68.89 j, m2 {26.6 in2]) is located in the north-central part
of the Hanford Site along the southern shoreline of the Columbia River (Figure 1-1).
Between 1943 and 1962, nine water-cooled, graphite-moderated, plutonium production
reactors were built along the shore of the Columbia River upstream from the now abandoned
town of Hanford. All of these reactors (B, C, 1), DR, F H, KE, KW, and N) are now out
of service.

Past waste disposal practices of the 100 Area reactor operations resulted in releases of
radionuclides and other chemicals to soil and groundwater near the reactors. The primary
source of these contaminants was cooling warer that flowed through the reactor core. As a
result of leaks in the reactor cooling water transfer systems and intentional effluent disposal
into cribs and trenches, soil and underlying groundwater have been contaminated. In
addition, solid wastes containing radionuclides were buried in unlined trenches to isolate
those wastes from ongoing operations.

1.3 SUMMARY OF 100 AREA FEASIBILITY STUDY PHASES 1 AND 2

The initial identification and screening of cleanup technologies and development of
Remedial Alternatives in the feasibility study process for the 100 Area are documented in the
100 Area Feasibility Study Phases I and 2 (IOl -RL 1993a). Information contained in
DOE-RL (1993a) includes preliminary identification of potentially applicable or relevant and
appropriate requirements (ARAR), remedial cction objectives, and general response actions.
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General response actions potentially applicable to remediating the hazards associated
with the 100 Area are identified in DOE-RL (19 9 3a) as follows:

* No action
* Institutional controls
* Containment actions
* Removal/disposal actions
* In situ treatment actions
* Removal/treatment/disposal act ions.

Technologies and process options for acli general response action were evaluated and
assembled into general Remedial Alternatives in the Feasibility Study Phases 1 and 2 report
(DOE-RL 1993a). These general Remedial Alternatives were then used as the basis for the
alternatives presented in the Process Docume at.

The ARARs and remedial action obje.tives identified in DOE-RL (1993a) are
clarified in this Process Document based on the evaluation of additional operable unit-specific
and waste site-specific information gathered in the limited field investigation (Section 2.0).
In addition, the alternatives developed in DOi-RL (1993a) are clarified and modified in this
Process Document, as necessary, in accordance with CERCLA methodology (EPA 1988),
NEPA/CERCLA integration actions, and the "plug-in" approach described in the following
section.

1.4 FOCUSED FEASIBILITY STUDY APPROACH

Because many of the waste sites withii the 100 Area are similar, a "plug-in" approach
to alternative development and evaluation has been adopted for this Process Document and
subsequent operable unit-specific reports. This approach and its compatibility with the
"analogous site" approach to site characteriza ion outlined in the HPPS are discussed in this
section.

The plug-in approach described in this document parallels the approach documented in
1993 by EPA Region IX for the Indian Bend Wash Superfund Site in Tempe, Arizona
(EPA 1993). The need for a specialized approach to the feasibility study for the Indian Bend
Wash site was because of the large number (approximately 70) of similar yet individual
contaminant source areas located within the site. The source areas at Indian Bend Wash all
exhibited volatile organic compound contamiration of vadose zone soils. Traditional
remedial investigation/feasibility study methodology dictates that these source areas be fully
characterized before initiation of the remedy selection process. Because such an approach
would have resulted in many redundant feasibility studies (one for each source area) with
attendant schedule and budget requirements, EPA developed the plug-in approach to preclude
these undesired impacts on the Indian Bend Wash project. Briefly, the approach specifies
and-analyzes Reinedial Alternatives- for a group cf-sites -that have similar characteristics
(e.g., physical attributes, contaminants, and cantaminated media). Then, if it is determined
that an individual site is sufficiently similar tc, or compatible with, a site group for which the
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alternatives have already been developed and analyzed, the subject site is said to "plug-in" to
the analysis for that group.

Accordingly, the plug-in approach fat ilitates expeditious and cost-effective remedy
selection for applicable sites by eliminating the time and associated cost required to generate
multiple, redundant site-specific feasibility studies. For the purposes of this Process
Document, the plug-in approach can be summarized as follows:

1) Assemble Site Groups and Associated Group Profiles

Assemble sites with similar chiracteristics (e.g., physical structure, function,
and impacted media) into groups. These groups are based on the "analogous
site" approach to site characterization discussed in the Hanford Past-Practices
Strategy and shown in Figure -4. This Process Document addresses the site
groups identified in Figure 1-4, with the exception of the septic systems and
special use burial grounds. TI e septic systems and special use burial grounds
are not included because they are not represented by any current interim
remedial measure candidate sit: in the 100 Area. Specifically, the following
waste site groups are evaluate in this Process Document:

e Retention basins
* Buried pipelines'
* Process effluent trenches
* Sludge trenches
* Fuel storage basin trences
* Decontamination cribs/irenckh drains
a Pluto cribs
* Seal pit cribs
* Burial grounds
0 Decontaminated and dec ommissioned facilities.

A description or profile for ea2h svaste site group is developed that
characterizes the sites within eich group. Such a description is called the
group profile. Data used to generate the group profiles for each site group
were compiled from three 100 Area operable unit limited field investigations
(i.e.. 100-'3C-1, 100-DR-1, andl 100-HR-I [DOE-RL 1993c, DOE-RL 1993b,
and DOE-RL 1993d]). These :hree operable units are considered
representative of the source ar. as In the 100 Area. Detailed discussion of the
site groups and development ot the associated group profiles are documented
in Section 3.0 of this Process Document.

'The buried pipelines included in this Process Document and subsequent operable
unit-specific FFSs are located between the reactor facilities and the river outfall structure. The
outfall structure and the pipelines extending under the river are addressed in the 100 Area River
Effluent Pipelines Expedited Response Action Prc posal (DOE-RL 1994a).
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2) Develop Remedial Alternatives

Develop basic Remedial Alterr atives for the site groups, based on the group
profiles. Also, identify additicnal components or enhancements that could be
incorporated into the basic alternatives on a case-by-case basis so that the basic
alternatives can be used at sites that differ slightly from the sites typical of the
particular site group. For example, a thermal desorption treatment step can be
added at sites containing organic contaminants so the basic alternative can be
used at sites containing both inorganic and organic contaminants.

For each alternative, identify tlhe critical site characteristics that must be met to
successfully implement that altc.rnative. These critical site characteristics are
referred to as the "applicability criteria." For example, the No Action
Alternative is acceptable only -.t sites where the concentrations of all the
contaminants of potential concern are less than the cleanup goals. Another
example is that the In Situ Vitrification Alternative can be used only at sites
where the zone of contamination is equal to or less than 5.8 m (19.03 ft). The
vitrification process doesn't effectively vitrify a waste zone thicker than
5.8 n (19.03 ft). The applicability criteria for each alternative are given in
Section 4.0 of the Process Document.

3) Perform Detailed and Compartivt Analy.ses

Perform detailed and comparat ve analyses of the Remedial Alternatives
developed in step 2, above. The detailed and comparative analyses are
presented in Sections 5.0 and 6.0, respectively, of this Process Document.

4) Develon Individual Site Profiles

Develop a site profile for each higl1-priority waste site within an operable unit.
Development of individual site profiles are documented in Section 2.0 of the
applicable operable unit-specific FFS. Three of these site-specific FFSs
(100-HR-1, 100-BC-1, and 10'-DR-1) are in Appendices E, F, and G,
respectively, of this report.

5) Identify Representative Group

Compare the individual site profile to the group profiles presented in this
Process Document to determine which waste site group the individual site
belongs. Also compare the site characteristics to the applicability criteria for
the alternatives developed for tie waste site group, noting any deviations that
may result in a requirement fot alternative enhancement. The identification of
the appropriate waste site group and the comparison to the associated
alternative applicability criteria for each site are documented in Section 3.0 of
the applicable operable unit-specific FFS (see Appendices E, F, and G).

-9



DOE /RI -94-61
Rev 0

6) "Plug-In" the Alternatives Analysis or Perform Site-Specific Analysis

a. If the individual site pzofilt matches the group profile, and the
applicability criteria are met based on the comparison conducted in
step 5, the individual waste site plugs into the analysis of alternatives
already completed for he site group. Because the appropriate
alternative for the site group has already been evaluated in Sections 5.0
and 6.0 of the Process Document, the operable unit-specific FFS can
use that analysis and pioceed directly to prepare the site-specific
volume and cost estimites (Section 5.0 of the operable unit-specific
FFS).

b. If the individual site pr:filc does 'ot match tile group profile or the
applicability criteria ar net met, the individual site does not plug into
the analysis of alternatives for the site group. Section 4.0 of the
operable unit-specific I FS will identify those individual sites that do not
"plug-in" to the analysis of alternatives for the site group. A
reevaluation of alternat ves based on site-specific conditions is then
performed and documeited in Sections 5.0 and 6.0 of the operable unit-
specific FFS (see Appeiidices E, ], and G).

The plug-in approach has many benef its. First, redundant FFSs for source sites
within the 100 Area are avoided. Because tliere are many individual 100 Area source sites,
this approach is expected to save a significant amount of time and money. Second, the plug-
in approach focuses ongoing data collection cfforts at a site on the most likely interim
remedial measure alternative(s); the pursuit cf st perfluous data is minimized. Third, the
plug-in approach represents a logical extension cf the "analogous site" approach to site
characterization discussed in the Hanford Pa: t-Practices Strategy, which states:

"Within and among many of the operable units, there are areas that are geologically
similar and that have experienced sim:lar disposal activities. Significant savings in
time, manpower and budget could le realized by using these analogous conditions and
activities to reduce the amount of inv stigation required at the affected sites. ... ...
adequate confirmatory investigations wou d be performed in lieu of full
characterization efforts. "

Therefore, the 100 Area FFS employ the plug-in approach by evaluating Remedial
Alternatives for waste site groups in the Process Document, based on the premise that the
analysis of alternatives for a group can also be applied to individual waste sites in the
operable unit-specific FFSs.

1.5 INCORPORATION OF NATIONAL ENVIRONMENTAL POLICY ACT
VALUES

In accordance with DOE Order 5400.4 and Chapter 10 of the Code of Federal
Regulations (CFR) Part 1021, the considerations (values) of the National Environmental

AI



DOE/RL 94-1 DRAFT
Rev. 0

Policy Act of 1969 (NEPA) must be evaluatt d during the CERCLA process. Recent policy
issued by the DOE Secretary's Office (DOE, 1994) states:

"To facilitate meeting the envioninental objectives of the
CERCLA and respond to concerns of regulators, consistent with
the procedures of other Federal agencies, DOE hereafter will
rely on the CERCLA process tor review of actions to be taken
under CERCLA and will addrtss NEPA values and public
involvement procedures as provided below. ,

The DOE CERCLA document, will incorporate NEPA values
such as analysis of cumulative, offsite, ecological, and
socioeconomic impacts, to the ixtent practicable."

The NEPA values are incorporated in this Process Document (Section 3.3) and
subsequent FFSs.
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Figure 1-1. Hanford Site Map.
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2.0 REMEDIAL ACTION OBJECTIVES AND GOALS

Remedial action objectives are general descriptions of the objectives the remedial
action is expected to accomplish. The remedial action objectives provide a basis to evaluate
the ability of a specific Remedial Alternative to achieve compliance with ARARs or an
intended level of risk to human health or the environment. Remedial action objectives,
therefore, are developed before evaluating Remedial Alternatives. The remedial action
objectives are defined as specifically as possible, and address the following:

* The media of interest (soils and solid wastes in this case)
* The types of contaminants at the site
* The potential receptors (humars, plants, and animals)
* The possible exposure pathwa) s
* The levels of contaminants acceptable after remediation.

Remedial action objectives initially were developed in the 100 Area Feasibility Study
Phases 1 and 2 report (DOE-RL 1993a) for soils, solid wastes, groundwater, and riverbank
sediments. Because this Process Document addresses actions to remediate soils and solid
wastes (and not groundwater or other media). the initial remedial action objectives for these
two media, as presented in Table 4-2 in the feasibility study Phases 1 and 2 report
(DOE-RL 1993a), serve as a starting point for this Process Document. The remedial action
objectives are further defined in Subsection 2 4 below.

Once the remedial action objectives have veen established, they can be numerically
expressed as preliminary remediation goals. Pre irninary remediation goals are chemical and
radionuclide concentrations in soils (for the p irposes of this Process Document) that protect
human health and the environment. These preliminary remediation goals consider exposure
pathways (how the contaminants are transported to places accessible to receptors) and
exposure zones where receptors could come ii contact with, or be directly exposed to
radioactive contaminants. The numeric remediation goals developed in this Process
Document are preliminary and serve as a basis te define the extent of contamination and
compare interim remedial measure alternatives. The final remediation goals or remediation
criteria will be defined when final land use at d apropriate exposure scenarios are defined.

This section of the Process Document nomists of eight subsections. Section 2.1
provides information on the types of contamirants at the 10 waste site groups listed in
Section 1.4 of this report and identifies the contaminants of potential concern associated with
soils and solid wastes in the 100 Area. Section 2.2 describes the existing and potential future
land uses at the Hanford Site; Section 2.3 idemtifies the potential human and ecological
receptors 1hat may be exposed to contaminatec soils and solid wastes in the 100 Area, based
on the potential land uses. Section 2.3 also d scusses the exposure pathways and exposure
point locations that are used to develop preliminary remediation goals. The remedial action
objectives (Section 2.4) describe the general onjedives that the remedial action is expected to
achieve, while the preliminary remediation gods Section 2.5) and the chemical-specific
ARARs (Section 2.o) establish the specific so taminant concentrations used to estimate the
quantity of contaminated soils and solid waste. that must be remediated to attain the remedial
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action objectives. One of the remedial actiun objectives requires compliance with all action-
and location-specific ARARs, as well as th( chemical-specific ARARs.

Finally, this section compares the or site concenirations of the contaminants of
potential concern to the preliminary remediation goals to determine which contaminants will
drive remedial actions at the waste sites. Tie contaminants of potential concern were
initially identified during the qualitative risk assessment process at each operable unit, and
represent the contaminants that exceed Hanlord Site background and certain risk-based
screening levels. These contaminants of po ential concern are presented in Section 2.1
below. In Section 2.7, the contaminants of pot;:ntial concern that exceed the preliminary
remediation goals are identified. These contaminants, and their associated preliminary
remediation goals, are used in subsequent sections of this Process Document to determine
how much soil and solid wastes must be cottained, treated, or removed from the site to meet
the remedial action objectives.

The preliminary remediation goals discussed in the Process Document are based on a
specific scenario for future use of the land surface and groundwater at the 100 Area. A
Sensitivity Analysis (Appendix D) was performed to evaluate the effects of different human
exposure scenarios on the preliminary remediation goals, the soil volumes requiring
remediation, and the estimated costs for remedial action.

2.1 CONTAMINANTS OF POTENTIAL CONCERN

The contaminants of potential concern at the 100 Area source operable units for
human receptors are shown in Table 2-1. T iey represent a cumulative list of the
contaminants of potential concern that were dertified in the limited field investigation and
qualitative risk assessment reports for the three 100 Area source operable units (100-BC-1,
100-HR-1, and 100-DR-1) that are considered representative of the source operable units in
the 100 Area (DOE-RL 1993c and WHC 1994a. DOE-RL 1993d and WHC 1994b, and
DOE-RL 1993b and WHC 1994c). The contaminants of potential concern are specifically
those contaminants in soil that were identified bV the qualitative risk assessment as exceeding
one or both of the following criteria:

* Exceedance of Hanford Site B ickground (95% upper tolerance limit for
inorganics)

* Exceedance of preliminary human risk-based screening values based on a
I x 10 incremental cancer risk and a noncancer hazard quotient of 0.1
(developed using residential e~xposure assumptions).

To identify the contaminants of poten ial _:onceri for ecological receptors, the
constituents were screened only against the baickground concentrations. No risk-based
screening was used because there are no stanlard EPA recognized risk-based effect levels for
plants and animals, and numerous species of olants and animals are potentially involved.
This Process Document considers contaminar ts at all depths because the remedial action
objectives include protection of groundwater is well as protection of human and ecological receptors.
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2.2 LAND USE

Regional Land Use. Land use in the areas surrounding the Hanford Site includes
urban and industrial development, irrigated and dry-land farming, grazing, and designated
wildlife refuges. The region consists of the incorporated cities of Richland, Pasco, and
Kennewick (Tri-Cities) and surrounding communities in Benton and Franklin counties.
Industries in the Tri-Cities are mostly related to agriculture and electric power generation.
Wheat, corn, alfalfa, hav barley and grapes are the major crops in Benton and Franklin

Hanford Site Land Use. The Hanford Site encompasses 1,450 km2 (560 mi2 ) and
includes several DOE operational areas. The major areas are as follows:

0 The entire Hanford Site has beon cesignated a National Environmental
Research Park.

* The [00 Area, bordering the south shore of the Columbia River, is the site of
the nine retired plutonium production reactors. The 100 Area encompasses
about 68 km2 (26 mi 2).

* The 200 West and 200 East Areas are located on a plateau about 8 and 11 km
(5 and 7 mi), respectively, from the Columbia River (Figure 1-1). These
areas have been dedicated to waste management and disposal activities. The
200 Areas cover about 16 km 2 '6.2 mi2)

e The 300 Area, located just north or the City of Richland, is the site of nuclear
research and development. This area encompasses 1.5 km2 (0.6 mi2).

* The 400 Area is about 8 km (5 mi north of the 300 Area and is the site of the
Fast Flux Test Facility formerly used in the testing of breeder reactor systems.
Also included in this area is thc Fuels and Material Examination Facility.

* The 1100 Area includes the 3000 Area and the Horn Rapids Landfill. It is
used for Hanford Site support services.

* The 600 Area includes all of the Hanford Site not occupied by the 100, 200,
300, 400, or 1100 Areas. Land uses within the 600 Area include the Fitzner-
Eberhardt Arid Land Ecology Reserve, a I- S. Fish and Wildlife Service
wildlife refuge, support facilities for controlled access areas, and other lands
leased to Washington state and !he Washington Public Power Supply System
(Cushing 1994).

100 Area Land Use. Existing land us: in the 100 Area includes the following land
use categories: facilities support, waste manatemrent, and undeveloped. Facilities support
activities include operations such as water treatment and maintenance of the reactor
buildings. The waste management land use designation results from past-practice waste sites
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located throughout the 100 Area. Lastly, th -re are undeveloped lands located throughout the
100 Area. These areas are the least disturbed and contain minimal infrastructure. The
shoreline of the Columbia River is a valued ecological area within the Hanford Site.

The Hanford Future Site Uses Workirg Group ([)OE-RL 1992a) has recommended
that the 100 Area be considered for the follcwing four future use options:

* Native American uses
* Limited recreation, recreation. related commercial use, and wildlife use
* B Reactor as a museum and v siter cenler
- Wildlife and occasional-use

Furthermore, the Final River Conseri ation Study (National Park Service 1994) and
Environmental Impact Statement for the lanlord Reach of the Columbia River (National
Park Service 1993) has proposed that the Hafford Reach of the Columbia River and
approximately 102,000 acres of adjacent lancs be designated as a National Wild and Scenic
River and a National Wildlife Refuge. respectivcly.

As explained in Section 1.0, an occas ona -use exposure scenario was selected as the
basis to develop preliminary remediation goais in this Process Document. The Sensitivity
Analysis, presented in Appendix D, evaluates the potential changes to preliminary
remediation goals, estimated waste volumes, imd costs when scenarios other than this
occasional-use scenario are considered. The )ccasional-use scenario assumptions are
consistent with those defined for a recreationmf exposure scenario in The Hanford Site Risk

-Assessment-Methodology (DO E-RL 1995),

2.3 RECEPTORS AND EXPOSURE PA T]WAYS

Because remedial action objectives car be met by reducing contaminant concentrations
at the site and/or by reducing or eliminating exposure to those contaminants, the receptors,
exposure pathways, and points of contact must all be considered during development of
remedial action objectives and associated rerntdiation goals. This section describes the
receptors and exposure pathways considered ii development of preliminary remediation
goals. A conceptual exposure pathway model brsed on an occasional-use exposure scenario,
is presented in Figure A-1 (Appendix A, Development of Preliminary Remediation Goals).

2.3.1 Receptors

The remedial action objectives and pre irinary renediation goals are established to
protect huran and ecological receptors that cC Uld be present in the 100 Area following
remediation. Under thr .occasionatbuse exposure scenario 'hullans, plants, and animals
woTd all be present at the 100 Area.

For the purposes of establishing the prtliminary remediation goals, the human
receptors are assumed to be limited to individuals that will visit the site for recreational or
other occasional-use purposes. Site workers vx ho would work in the area to conduct
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remediation are not considered as receptors for purposes of developing preliminary
remediation goals because the preliminary reinediation goals define site conditions after
remediation is complete. Short-term risks to workers who will be involved in the remedial
actions are addressed in Section 5.2.2.5 of this Process Document.

The Great Basin pocket mouse is the biological receptor selected for this Process
Document as representative of the terrestrial ,nimals at the waste sites. The pocket mouse is
common in the 100 Area and has a home range that approximates the size of many of the
individual waste sites. The mouse lives in suisurface burrows and feeds on plants above
ground at night. Therefore, pocket mice residing in the 100 Area may spend much of the
time in contaminated areas. The major pathway through which pocket mice are exposed to
contaminants in soils and solid wastes is cons dered to be ingestion of contaminants in food
(primarily plant seeds).

Plants in the area represent the primary producers in the ecosystem. For the purposes
of this Process Document, the exposure of ph nts to soil contaminants was considered by
evaluating the potential phytotoxicity of the soil to plants in general. Therefore a generic
plant, rather than a specific species, was selected as the biological receptor for this trophic
level.

2.3.2 Exposure Pathways

The primary exposure pathways for human receptors, under the occasional use
scenario. are external exposure to radiation, incidental ingestion of contaminated soils, and
inhalation of particulates or vapors in air (Figure A-1, Appendix A). Other potential
exposure pathways, such as dermal contact with contaminants and ingestion of plants or
animals that could potentially accumulate contaminants from soil, do not provide significant
contributions to total human exposure; therefore, these risks are not included in the
calculation of preliminary reinediation goals. The influence of the full set of exposure
pathways from soil on total human health risk are discussed in Appendix 1), the Sensitivity
Analysis Report.

For the Great Basin pocket mouse, the primary exposure pathway is considered
ingestion of contaminated food. The pocket n ouse consumes primarily plant seeds; it is
assumed that the plants and seeds could take ur radionuclide and chemical contaminants from
the soil. External exposure to radiation was n A included in calculating preliminary
remediation goals for the pocket mouse because external dose to wildlife from radionuclides
has been shown to be a minor contributor to total dose (Poston and Soldat 1992).

2.3.3 Exposure Zone or Point of Complianoe

The normal activities of humans, assun Ing the site is used for occasional use, will not
bring individuals in contact with contaminants tha are deeply buried at the site. Following
remediation. it is assumed there will be no ext nsive soil disturbance or excavation associated
with the occasional-use exposure scenario. Thirefore, buried contaminants would not be
transported ro the surface. For developing prelimnary reinediation goals, it is assumed that
humans would be exposed by ingesting and inl aling contaminants that exists only within a
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near surface zone (between the surface and t depth of I m [3 ft]). Also, radionuclide
contaminants within the top meter of soil will expose human receptors to external radiation.
However, it is assumed that humans would he protected from external exposure to radiation
emanating from radionuclides below the I n: (3 ft) level by the mass of the overlying
uncontaminated soil. Therefore, for developing preliminary remediation goals for human
exposure, only the upper 1 m (3 ft) of the soil strata was considered. This exposure zone is
also referred to in this report as the point of compliance.

Burrowing animals at the site, such as the Great Basin pocket mouse, live in
subterrarian burrows and may dig burrows down to around 1.8 m (6 ft). Burrowing animals
at the site- therefore, may come in direct contact with contaminants that are as deep as 1.8 in
(6 ft). The pocket mouse and several other mimals also feed on plants and plant seeds, and
some of those plants have roots that penetrat: tc depths of 1.8 to 2.7 m (6 to 9 ft) (Klepper
et al. 1985). The exposure zone for the Great Basin pocket mouse is therefore considered to
be the soil strata from the surface down to 3 m (10 ft). Appendix A discusses the exposure
zone or point of compliance in more detail.

Contaminants at any depth may poienlial y leach from the vadose zone to
groundwater. Therefore, the exposure zone, wi h respect to protection of groundwater, is
the entire vadose zone (i.e., from the grounc surface down to the groundwater table).
Section 3.4 of Appendix A presents the methods used to calculate preliminary remediation
goals protective of groundwater.

2.4 REFINED REMEDIAL ACTION OBJECTIVES

The initial remedial action objectives or the 100 Area were presented in the 100 Area
FS Phases I and 2 report (DOE-RL 1993a). These initial remedial action objectives were
updated using the most recent information on the contaminants in the 100 Area, the receptors
considered, and the exposure pathways that I nk [he contaminants to the receptors. These
refined remedial action objectives for the 10C Area source operable units are as follows:

0 For Protection of Human Healtb

- Limit exposure of human receptors to contaminated surface and
subsurface soils to limit the incremental cancer risk in the range of
1 x 10- to 1 x 1)-' for carcinogenic (cancer causing) contaminants
(including radionuclides, and at or below a noncancer hazard quotient
of 0.1 for noncarcinogei constituents. (The hazard quotient [remedial
objective] or noncarcinugenic chemicals is set at 0.1, rather than 1.0,
to accommodate the pot ntial additive or synergistic affect of several
chemical stressors actinf or a receptor at the same time.)

- Limit future impacts to roiindwater by ensuring that contaminants
remaining in the vadose zore that could potentially leach to
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groundwater would result in contaminant concentrations in groundwater
below groundwater protection standards.

- Comply with ARARs.

For Environmental Protection

Limit exposure of ecol gical receptors to contaminants.

- Comply with ARARs.

- Avoid or minimize dest uction of habitat and disruption of natural
animal activities to the extent practicable.

These remedial action objectives can ie accomplished by reducing contaminant
concentrations in soil, by eliminating exposure pathways, or by retarding the transfer of
contaminants through the exposure pathways.

2.5 PRELIMINARY REMEDIATION COALS

The above remedial action objectives are the basis for developing criteria (described
in terms of concentrations in soil) that serve as preliminary remediation goals. The
preliminary remediation goals represent contaminant concentrations in soils and solid wastes
that are considered protective of human health and ecological receptors. The preliminary
remediation goals are used to identity what voluiies of contaminated soil must be remediated
at each silte to meet the remedial action objeciives. The volumes of soil requiring
remediation are used to evaluate Remedial Al ernatives and to estimate costs associated with
potential remedial action at a site. Separate preliminary remediation goals are estimated for
protection of human health, plant and animal populations, and groundwater use. If two or
three of these preliminary remediation goals aipply to the same exposure zone, then the most
restrictive goal is used to determine the exten of remediation. Appendix A and Section 2.5
present more information on the calculation aid application of the preliminary remediation
goals Also; because preliminary remediatiot goals var with-exposure scenarios,
preliminary remediation goals are discusser in tht Sensitivity Analysis (Appendix D).

Preliminary remediation goals are nun eric expressions of the remedial action
objectives discussed in Section 2.4. The prel minary reinediation goals describe the
concentrations of the contaminants in soils and sclid wastes that are considered protective of
human health and the environment. Soils exceeding the preliminary remediation goals must
be contained. treated, or removed from the si e. The preliminary remediation goals were
developed considering human health risk leve s, tcologi al risk levels, levels that are
protective of groundwater, and concentration. that are based on regulatory requirements
(i.e., chemical-specific ARARs), More details concerning the development and calculation
of the preliminary remediation goals are prese ned in Appendix A.
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The preliminary remediation goals presented here are not necessarily the remediation levels
that will be set for the remedial action. The reinediation levels for interim remedial action
will be selected based on consideration of the occasional use exposure scenario used in this
Process Document, plus the exposure scenarios presented in the Sensitivity Analysis
(Appendix D), plus input from the regulator,, and public communities. Final goals for
remediation will be determined after final land use and appropriate exposure scenarios are
defined.

2.5.1 Human Health Preliminary Remediation GoaLs

The preliminary renediation goals fo the protection of human health are developed in
accordance with guidance provided by EPA EPA 1989, EPA 1991a, EPA 1991b) and
procedures described in DOE-RL (1.993e). ks discussed previously, the preliminary
remediation goals for protection of human health are based on an assumed occasional-use
exposure scenario. Three exposure pathway,. (soil ingestion, inhalation, and external
radiation exposure) were evaluated for this stenario. As discussed in Section 2.3, the
preliminary remediation goals based on these pathways are protective of human health for
sites in the 100 Area. The preliminary reme liation goals for protection of human health
developed in this Process Document represert soil concentrations of carcinogenic
contaminants (including radionuclides) that correspond to an incremental cancer risk of
I x t0 6 , and soil concentrations of noncarcinigenic contaminants that correspond to a
noncancer hazard quotient of 0. 1. Both the i icremental cancer risk and hazard quotient
target risk levels account for the potential ad(itie effecLs of contaminants. The preliminary
remediation goals for protection of human he 4th apply to contaminants within the top 1 ni
(3 ft) of soil., the exposure zone where humans may come in contact with the contaminants
under the occasional use scenario.

2.5.2 Ecological Preliminary Renediation Goals

In contrast with the extensive CERCL \-bAsed guidance that exists for assessing
human health risks and estimating exposure level; considered safe for humans (EPA 1989),
there are relatively few techniques to establisli contaminant levels considered safe for plants
and animals. Most risk-based methods appropriate for animal populations are for aquatic
rather than terrestrial ecosystems. The result is that in the qualitative risk assessment reports
for the source operable units (i.e., terrestrial 'c ystenis). the risks estimated for animals are
based on a simple exposure scenario and are limi ed to one biological receptor, the Great
Basin pocket mouse (WHC 1994a, WHC 199-b, and WIIC 1994c). Furthermore, the
estimated risks represent risks to an individua pocket mouse rather than a population or
community of pocket mice. Estimating risks o a single individual has limited meaning in an
ecological context because the goal fOr reiediatirg hazardous waste sites is to protect
populations or communities, not individual ph nts or animals.

The uncertainties in assessing ecologic;] risks make it difficult, if not impossible, to
develop meaningful remediation goals based o i eological risks. Therefore, when
developing preliminary reniediation goals base ] oi ecological risks, the initial ecological
remediation goals were compared to the prelininary remediation goals for the protection of
human health and groundwater. This compalri on illustrated that the ecological-based
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preliminary remediation goals were usually not tie renediation goals that controlled the
extent of remediation required. This fact, plis the knowledge that the ecological-based
preliminary remediation goals may not be relevant for protecting populations, led to the
decision to use human health preliminary reniediation goals in this Process Document for
protecting plants and animals, in lieu of ecological preliminary remediation goals. This
remediation approach will protect plants and animals by mandating that the human health
preliminary remediation goals be applied to the exposure zone for plants and animals. In
other words, plants and animals will be protected by remediating contaminants that occur
from ground surface to a depth of 3 m (10 ft) (see Section 2.3.3) that exceed the human
health preliminary remediation goals.

The following subsections discuss the rationale for using human health values in lieu
of ecological-based values to protect ecological receptors. As the remedial efforts continue at
the Hanford Site, DOE will continue its efforts to develop ecological-based remediation
values that are based on contaminant concenti ations protective of native plant and animal
populations.

Radiological Preliminary Remediation Goals

Several agencies responsible for prote ting humans and environmental resources from
the harmful effects of radiation have indicated that human health protection levels are likely
adequate for protecting plant and animal poptlations. For example, the National Academy of
Science (NAS 1972) stated that, ".... there is no present evidence that there is any biological
species whose sensitivity is sufficiently high t: warrant a greater level of protection than that
adequate for people." Similarly, the International Commission on Radiological Protection
(1977) has stated:

"Although the principal objective of radiarion protection is the achievement and
maintenance of appropriately safe concitions for activities involving human exposure,
the level of safety required for the pro'ection of all human individuals is thought
likely to be adequate to protect other soec es, although not necessarily individual
members of those species."

In the recent "Issues Paper on Radiation Site Cleanup Regulations," the Environmental
Protection Agency (1993) concurred with the ibove conclusions.

Although human health criteria can be use A to protect animal and.ptant-populations,
preliminary remediation goals based on the pccke mouse were calculated and compared to
the human health pieliminary rernediation goa s to see which goals were more restrictive.
These calculations, based on the food exposur pathway used in the qualitative risk
assessments (Appendix A), were used to estin ate concentrations in soil corresponding to a
dose rate or: I rad/day. This close rate is iden ifid in DOE Order 5400.5 as protective of
ecological receptors. While this approach dot s not represent the true risk to a natural
population ot mice, it provides initial animal-i asei preliminary remediation goals that can be
compared to human health-based preliminary i emediation goals. As shown in Table 2-2, the
human health-based preliminary remediation g >als for radtonuclides are generally much more
restrictive than the mouse-based preliminary r, mneiation goals. Therefore, using human
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health preliminary remediation goals would protect the pocket mouse. Two exceptions can
be noted in Table 2-2: the animal-based prelimmary remediation goals for strontium-90 and
technetium-99 are more restrictive than the human-based preliminary remediation goals.
Because these animal-based preliminary rem(diation goals represent a potential hazard to
individuals rather than populations, the human-based preliminary remediation goals for
strontium and technetium may still be protective of animal populations. Furthermore, the
transfer coefficients used to estimate the uptake of these two radionuclides by plants were
conservative and tended to substantially overestimate the potential for accumulation of
contaminants from soil into plants. Also, when strontium and technetium occur at source
operable units in the 100 Area, other radionuclides present at the site are generally the
drivers that control soil remediation (see Table A-2, Appendix A).

The soil-to-plant transfer coefficient, othc r input parameters, and the set of equations
used to estimate the radiological dose to the hreat Basin pocket mouse are currently under
review; therefore, it is not considered appropriat2 to use these assumptions and equations at
this time to calculate ecological remediation poal;.

In summary, human health-based radiolot ical preliminary remediation goals are used
in this Process Document in lieu of developit g animal-based preliminary remediation goals
because (1) the scientific literature supports the use of human health protection criteria to
protect animal and plant populations from radiological hazards, (2) many uncertainties are
associated with developing ecological-based r sk :stimates, and (3) there are no standard
techniques available to estimate hazard quotie vts applicable to populations. Appendix A
provides more information on the equations uied to estimate exposure to humans and
animals.

Inorganic and Organic Preliminary Remediation Goals tor Animals

Similar to the case for radiological cot tantinants, ecological-based preliminary
remediation goals were initially estimated for mdividual pocket mice for the inorganic and
organic contaminants found at the 100 Area sites. These preliminary remediation goals have
an unknown relationship to soil concentrations that are protective of mouse populations.
These initial estimates indicated that the anjimal-based preliminary remediation goals for
inorganic contaminants were commonly lower (mr-e restrictive) than the corresponding
human health-based preliminary remediation goab , but were always higher than the
preliminary remediation goals based on proTecrior to groundwater (Table 2-3). In other
words, remedial actions to address inorganic contaminants would be driven by the goal to
protect groundwater resources. For organic compounds, the animal-based preliminary
remediation goals were almost always higher than both the human-based values and the
preliminary remediation goals to protect groundwater. T'hat is, remedial actions for organic
contaminants would be driven by the goal to protett human health or groundwater.

To estimate animal-based preliminary r ncdiation goals for organic and inorganic
contaminants, a soil concentration that is consiiered safe tor the ecological receptor (i.e.,
pocket mouse) must be known or estimated. This safe concentration is frequently based on
studies that determine a no observable adverse effect level or lowest observable adverse
effect level for the animal species in questioii. Opresko, Sample, and Suter (1993) reviewed
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the literature concerning wildlife effect level and developed toxicological benchmarks for
wildlife. These benchmarks were used in this Process Document to derive the initial
preliminary remediation goals. However, Opresko et al. (1993) stated that the benchmarks
they presented were based on several assumptions and extrapolations, and should be used
only as benchmarks for initial screening of si.e contaminants. They cautioned that because of
the degree of uncertainty involved, the benchnarks should not be used to determine
remediation criteria.

Table 2-3 shows that for several inorganic constituents (for example, manganese,
mercury, and zinc), the animal-based preliminary remediation goals are lower than the
known background soil concentrations at the 1atford Site. This indicates that the
methodology used to estimate the animal-based preliminary remediation goals is
overconservative, or that the existing background concentrations of several inorganic
constituents in Hanford Site soils are hazardo is to mice. Field ecology studies conducted at
the Hanford Site, however, have not revealed an-g evidence suggesting that natural
background concentrations are hazardous to mice or other animal populations.

In summary, human health-based preliniary remediation goals for inorganic and
organic contaminants are used in this Process Document ii lieu of animal-based preliminary
remediation goals because (1) many uncertainies are associated with developing animal-based
preliminary remediation goals and (2) there are no standard techniques available to estimate
hazard quotients applicable to populations.

Tnorgaiii and Organic Preliminary Remediation (ioals for Plants

Soil concentrations that are considered noithazardous for vegetation at the 100 Area
were obtained from a report by Suter, Will, and Evans (1993). In that report the authors
developed toxicological benchmarks for terres-ria plants, to be used for contaminant
screening. Suter et al. (1993) stated that there are no standard benchmarks for assessing
which soil concentrations are toxic to plants, tmd found that most of the literature on plants
involved cultivated species, such as corn, wheat, and lettuce, tested in agricultural soils.
Their plant benchmark values are, however, cincentrations that are applicable to populations
rather than just individual plants.. The authors stwted that if phytotoxicity is suspected, field
surveys and toxicity tests based on site-spec ifi . soils should be conducted.

When these plant benchmark values are compared to human health-based preliminary
remediation goals and protection of groundwaier preliminary remediation goals (Table 2-3),
the groundwater protection goals are generall) the most restrictive for inorganic
contaminants. For organics, the plant-based preliminary re mediation goals are always less
restrictive than both the human health and prorection of groundwater preliminary remediation
goals. Again, similar to the anunal-based inogaric prelininary remediation goals, the plant-
based preliminary remediation goals arc frequently less tman the natural background values
found in soils at the Hanford Site. This suggests that the techniques used to develop the
plant benchmarks are overconservative. at leai ftr [lanfOrd Site area soils.

In summary, human health-based prelimiinary remediation goals for inorganic and
organic contaminants are used in this Process )ocurnent in lieu of plant-based preliminary
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remediation goals because (1) many uncertainties are associated with developing plant-based
preliminary remediation goals and (2) the plant-based inorganic preliminary remediation
goals are frequently lower than Hanford Sit( background soil concentrations.

2.5.3 Groundwater Protection Preliminary Remediation Goals

One of the remedial action objective foi the source waste sites is to limit future
impacts to groundwater by contaminants tha may be hIct in the vadose zone soils
(Section 2.4). The groundwater protection preliminary remediation goals developed for the
source waste sites, therefore, represent soil < oncentrations that will not cause local
groundwater to exceed federal or state grout dwater maximum contaminant levels (drinking
water standards) for inorganics and organics or the Derived Concentration Guides for
radionuclides (DOE 1993c).

The groundwater preliminary remediitio goals in soil (i.e., the concentrations in soil
that would not result in groundwater exceeding lie maximum contaminant limits or Derived
Concentration Guides in groundwater) were alculated using the Summers Model (see
Appendix A). The contaminant concentrations were conservatively assumed to be uniformly
distributed throughout the vadose zone, and he Summers Model was used to calculate the
contaminant concentrations in groundwater immediately under the site based on soil
infiltration rates and groundwater flow rates. The groundwater protection preliminary
remediation goals are applicable to soils at a; depths in the vadose zone because it is
assumed that contaminants can potentially lei ch rom any soil depth to the groundwater.

2.5.4 Suimnary

The most restrictive preliminary reme liation goal is used to determine if remedial
action is required at a given exposure zone. Foi example, human health and protection of
groundwater preliminary remediation goals (i nd human health in lieu of ecological) are all
applicable to the 0 to I m (0 to 3 ft) exposure zone. Therefore, soils within the 0 to 1 m (0
to 3 ft) strata will be remediated to meet the most restrictive of these preliminary remediation
goals. With this approach, the remedial action will meet all of the remediation goals for
humans. animals and plants, and groundwater. I f the most restrictive preliminary
remediation goal for a particular contaminant is lower than the known background
concentration or the analytical detection limit tln the background or detection limit
becomes the remediation goal. This will pre lude trying to remediate concentrations in soils
to levels less than natural background, or to levels lower than can be reliably and consistently
measured. Appendix A provides more detaiL rezarding the development and use of the
preliminary remediation goals.

2.6 POTENTIAL APPLICABLE OR RELEV ANT AND APPROPRIATE
REQUIREMENTS

This section consists of a rev ew of petemial federal and state ARARs that may be
pertinent to remedial activities. The ARARs ievelopment process is based on CERCLA
guidance (EPA 1988a, 1988c). Identificatioi of ARARs is directly impacted by
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characteristics of the site, contaminants presenut, and Remedial Alternatives developed;
therefore, only specific sections of the regufrtions may be an ARAR. The identification of
ARARs will be refined following identification of a preferred alternative.

Section 121(d) of CERCLA, as amended establishes cleanup standards for remedial
actions. This section requires that any appli able or relevant and appropriate standard,
requirement, criteria, or limitation under any federal environmental law, or any more
stringent state requirement promulgated pursuant to a state environmental statute, be met for
any hazardous substance, pollutant, or contaminant remaining on site. A requirement
promulgated under other environmental laws may be either "applicable" or "relevant and
appropriate," but not both._ Identification of ARARs must be done on a site-specific basis
and involves a two-part analysis: first, a (let rmination is made whether a given requirement
is applicable; then. if it is not applicable, a d.ter mnatioii is made whether it is nevertheless
both relevant and appropriate. The EPA guidance also includes to-be-considered (TBC)
materials that are advisories and nonpromulgited guidance issued by federal or state
governments that are nonstatutory requiremei ts evaluated along with ARARs as part of the
risk assessment used to establish protective c ear up limits

The EPA may waive ARARs and selec t i remedial action that does not attain the
same level of cleanup as identified by ARARs. Section [21(d)(4) of CERCLA identifies six
circumstances in which EPA may waive AR/.Rs for oniste remedial actions. The six
circumstances are as follows:

0 The remedial action selected is only a pait of a total remedial action (such as
an interim action) and the final remedy will attain the ARAR upon its
completion.

* Compliance with the ARAR w 11 result in a greater risk to human health and
the environment than alternative options.

* Compliance with the ARAR is teconically impracticable from an engineering
perspective.

a An alternative remedial action vill attain an equivalent standard of
performance by using another method or approach.

* The ARAR is a state requirerm nt that the slate has not consistently applied (or
demonstrated the intent to applj consistently) in similar circumstances.

0 In the case of Section 104, Superfund-financed remedial actions, compliance
with the ARAR will not provid a balance between protecting human health
and dhe environment and the a ailability of Superfund money for response at
other facilities.

The different types of requirements tat C ERCLA actions may have to comply with
are identified as chemical-specific, location-specific, and action-specific ARARS. The
following definitions are excerpts from EPA guidance in CERCLA Compliance with Other
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Laws Manual: Interim Final (EPA 1988c). However, some requirements may not fall neatly
into the classification system.

Chemical-specific requirements are usuaily health- or risk-based numerical values or
methodologies which, when applied t. site-specific conditions, result in the
establishment of numerical values. 1 hese numbers establish the acceptable amount or
concentration of a chemical that can )e found in, or discharged to the ambient
environment.

Location-specific requirements are restrietions placed on the concentration of
hazardous substances or the conduct of activities because they occur in special or
sensitive locations or environments.

Action-specific requirements are thos thit place either technology-based or activity-
based requirements on remedial actio)s at CER( A sites.

Federal and state regulations along w th other guidance were evaluated as potential
ARARs and TBC materials. Tables C-1 through C-3 present the potential list of laws and
regulations that were evaluated as potentiall3 APARs for remedial activities. The following
discussion of ARARs focuses only on the most ignificant potential ARARs.

2.6.1 Chemical-Specific ARARs

Chemical-specific ARARs may be fecera or state statutory or regulatory requirements
and other guidance that identify acceptable health- or risk-based contaminant levels for
different media known to be contaminated

2.6.1.1 Federal Chemical-Specific ARARs

Resource Conservation and Recovery Act - Title 42 USC 6901 et seq

The Resource Conservation and Reco erA Act (RCRA) regulates the generation,
transportation, storage, treatment, and dispos il of hazardous waste. This law also provides
authority for the cleanup of spills and environmental releases of hazardous waste to the
environment because of past practices Haza-dous waste management regulations
promulgated pursuant to RCRA are codified it 4J CFR 260 through 270. The regulations
include chemical-specific standards for the dcsignation of hazardous wastes, as well as
standards for treatment of these wastes befort disposal. Washington State Dangerous Waste
Regulations implement the federal hazardous waste regulations and are administered by
Ecology. Requirements established under R( RA are applicable because remediation
activities may generate hazardous wasre.

National Primary and Secondary Ambient Uir Quality Standards - 40 CFR 50

National primary and secondary arbint air quality standards were established
pursuant to the Clean Air Act to protect air qualil y and maintain public health. The EPA has
promulgated national primary air quality stani ards for six criteria pollutants: sulfur oxides,
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particulate matter, carbon monoxide, ozone, nitrogen dioxide, and lead. The requirements of
this standard are applicable because potentia airborne emission of particulates or lead may
result during remedial activities. Under the Clean Air Act, states are required to develop
State Implementation Plans that outline how the state will implement, maintain, and enforce
the national ambient air quality standards (NAAQS). Upon EPA approval, State plans
become enforceable, and state requirements nay become federal requirements.

National Emission Standards for Hazardous Air Pollutants - 40 CFR 61

The Clean Air Act directs the EPA to de-elop and periodically revise a list of
National Emission Standards for Hazardous Air Pollutants (NESHAPs). Hazardous air
pollutants are air contaminants that affect human welfare for which no ambient air quality
standard- exists. The INESHAPs are promuig itec for emissions from specific sources, and
only the NESHAPs established for radionuclide emissions from DOE facilities are applicable
to remedial activities. Subpart H of 40 CYR 61 (National Emission Standards for Emissions
of Radionuclides Other than Radon From De tartment of' Energy Facilities) sets emissions
limits from the entire facility (Hanford Site) 1o a nbient air concentrations that would cause
any member of the public to receive an effec ive dose equivalent of 10 mrem/yr. The
definition of facility includes all buildings, stiuct ires, and operations on one contiguous site.

Standards for Protection Against Radiatior - 10 CFR 20

The NRC Standards for Protection Against Radiation found in 10 CFR 20 are relevant
and appropriate to the remedial activities Iec use the regutation establishes standards for
protection against radiation hazards that may -esult From occupational exposure or discharges
to air and water. The standard is not applicable >ecause it only applies to operations licensed
by the NRC.

These regulations establish standards for protection against radiation hazards at
facilities licensed by the NRC. Facilities must limit occupational dose to the following:

* An annual limit, which is the n ore limiting of (1) a total effective dose of
5 rem and (2) the total dose to my organ or tissue, other than the eye, equal to
50 rem

* The annual limits to the lens of the eye, to the skin, and to the extremities,
which are (1) an eye dose equivalent of 15 rem and (2) a shallow-dose
equivalent of 50 rem to the skir or to any extremity.

Derived air concentration (DAC) and ainuil limit on intake (ALI) values, presented
in Table 1 of Appendix B of 10 CFR 20, were calculated based upon the occupational dose
limits described above. The regulation also dt scr bes how to add external and internal (loses
to calculate the total effective dose equivalent. Dose limits for minors are 10% of the annual
dose limits specified for adult workers.

In addition, the licensee must conduct (perations so that the total effective dose
equivalent to individual members of the public may not exceed 0. 1 rem/year. The dose in
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any unrestricted area from external sources may not exceed 0.002 rem/hr. The licensee must
survey radiation levels in unrestricted areas and radioactive materials in effluent released to
unrestricted areas to demonstrate compliance with the dose limits for individual members of
the public. The licensee must show compliance with the annual dose limit by:

* Demonstrating by measuremei t o0 calculation that the total effective dose
equivalent to the individual likely to receive the highest dose from the licensed
operation does not exceed the annual dose limit

* Demonstrating that (1) the annual average concentrations of radioactive
material released in gaseous and lquid effluent do not exceed the values
specified in Table 2 of Appendix ii of 10 CFR 20 and (2) if an individual were
continually present in an unrestricied area, the dose from external sources
would not exceed 0.002 rem/hr and 0.05 rem/yr.

Radiation Protection of the Public and Eni iro ament - DOE Order 5400.5

Radiation protection and radioactive A ast management requirements issued under the
Atomic Energy Act are implemented at DOE acilities as DOE Orders. Under CERCLA
these standards are TBC for remedial activitits bccause they are not promulgated regulations.
However, compliance with DOE Orders is re luid at the Hanford Site.

DOE Order 5400.5, "Radiation Proreclor of the Public. and Environment,"
establishes the standards and requirements for raciation-pRrotection.of the public and the
environment at DOE and DOE contractor facilities. This DOE Order defines members of
the public as persons not occupationally associated with the DOE facility or operations.
However, this DOE Order is discussed becauwe it presents exposure limits for airborne and
liquid effluent that may be useful as comparisins to occupational limits. This DOE policy is
to implement all legally applicable radiation p-otection standards, and to adopt or consider
recommendations from authoritative organizat ons, such as the National Council on Radiation
Protection and Measurements and the ICRP. This DOE policy also includes implementation
of standards generally consistent with NRC for DOE facilities not subject to NRC regulation.

The DOE Order applies the "As Low is k Reasonably Achievable" (ALARA)
process to radiation protection. The ALARA protess is not a dose-based limit, but a
feasibility limit, in that exposures should be a fai below applicable limits as practical. The
feasibility limit should account for social, ecouornic, technical., and public policy
considerations. As part of the ALARA process, DOE operations monitor routine and
non-routine exposure and assess the (lose to in.ml ers of die public. The ALARA process
includes procedures for evaluating alternative oper ations ;iand other factors to reduce radiation
exposures.

This DOE Order adopts radiation protec.tioi dose standards consistent with the 1977
ICRP guidance that has been adopted and implemented world wide by countries with nuclear
programs. Dose limits presented in this DOE Orcer are expressed both in terms of effective
dose equivalents (ICRP guidance) and dose equivalents to specific organs or whole body to
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be consistent with pre-1977 standards or publ c dose n limts established by EPA for selected
exposure pathways or sources.

The DOE primary standard for allowaile .ffective dose equivalent to members of the
public in a year is 0. 1 rem. The DOE-Headquarters is to be notified if an annual public
exposure in excess of 0.01 rem occurs or is anticipated to occur. This dose considers all
exposure modes resulting from DOE activities. "Effective Dose Equivalent", developed by
the ICRP, Js_ calculated by the weighted suinn ation of dosts to various organs of the body.
The 0. 1 rein effective dose equivalent in a yeair is the sum of all exposures from external
sources plus the committed effective dose equivalent from sources taken into the body during
the year. The public dose limit does not include medical exposures, exposure resulting from
consumer products, residual fallout from past nuclear accidents and weapons tests, or
naturally occurring radiation sources

The DOE Order 5400.5 identifies circumstances where supplemental limits or
exceptions to the standards may be implement d. A temporary public dose limit higher than
0. 1 rem, but not to exceed 0.5 rem for the yeir, may be approved from the DOE Operations
office in coordination with its Program Office Situations identified by DOE that may
warrant use of a supplemental standard includ siruations where remedial action would pose a
clear and present risk to workers or members of the public using reasonable measures to
reduce or avoid the risk.

Exposure to members of the public to airborne emissions released to the atmosphere
that result from DOE operations must not caue members of the public to receive in a year,

-an effective dose equivalent greater than 0.01 rem, the samnle dose limit established by EPA
regulation 40 CFR 61, Subpart H authorized under the Clean Air Act. Compliance may be
demonstrated using models specifically approved n accordance with 40 CFR 61
requirements, or may also be demonstrated thiough environmental measurements using
EPA-approved methods.

The DOE Order also adopts 40 CFR 1 )I (xposure limits that members of the public
may receive as a direct result of DOE management and operation of a disposal facility for
spent nuclear fuel, high level or transuranic radioactive wastes that are not regulated by the
NRC. The dose resulting from management of these wastes must not cause members of the
public to receive, in a year, a dose equivalent greater than 0.025 rem to the whole body, or a
committed dose equivalent greater than 0.075 rem to any organ.

Drinking water systems operated by DOE must meet the level of protection defined in
40 CFR 141, National Interim Primary Drinkiag Water Standards for community drinking
water systems. The standard requires that coiminity drinking water systems must not cause
an effective dose equivalent greater than 0.004 rei in a year, the combined activity levels
for radium-226 and radium-228 must not excecd 5 pCi/L, and gross alpha activity must not
exceed 15 pCi/L.

The DOE Order presents derived conctntration guides (DCG) for conducting
radiological environmental monitoring programs a- DOE facilities. The DCGs are presented
for three exposure modes: ingestion of water. inbalation of air, and immersion in a gaseous
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cloud. The DCGs are not designed as occupitioial intake limits. The DCGs for internal
exposure are based on a committed effective Jose equivalent of 0.1 rem/year for
radionuclides taken into the body through ingestion or inhalation. The DCGs may be used
for evaluating compliance to the drinking water limit of 0.004 rem/year by using 4% of the
DCG for ingestion. The exposure conditions used for development of the ingestion and
inhalation DCGs are presented with the DCGs ir table format.

Radiological protection requirements are also established for residual radioactive
material and cleanup of residual materials. 'T he Iasic public dose limit is 0.1 rem effective
dose equivalent per year in excess of naturallyv occurring background. Additional guidelines
for residual radioactive material in soils for ridium and thorium are set at the levels issued
under 40 CFR 192.

The proposed DOE rule, Radiation Pr )tec ion of the Public and the Environment
(10 CFR 834), published in the March 23, 1l93 Federal Register (58 FR 16268),
promulgates the standards presently found in DOE Order 5400.5. The proposed rule retains
the substantive portions of the DOE Order and differs from the existing DOE Order in
format, enhanced emphasis on the ALARA p ocess, and changes in the usage of DCGs. The
proposed rule identifies DCGs not as "acceptable" discharge limits, but to be used as
reference values for estimating potential dose and determining compliance with the
requirements of the proposed rule. Where reiidual radioactive materials remain, the
proposed rule states that various disposal nioc es should address impacts beyond the
1,000-year time period identified in 'he existi ig DOE Order.

2.6.1.2 State of Washington Chemical-Specific ARARs. CERCLA 121(d) requires that,
-in-addition tosatisfying federal ARARs, any ;tate standard, requirement, criterion, or
limitation that is more stringent must also be net State requirements must be legally
enforceable regulations or statutes, identified n a timely manner, and be of general
applicability to all circumstances covered by ilie requirement.

Model Toxics Control Act Cleanup Regulation WAC 173-340

Regulations under Chapter 173-340 W AC which implement requirements of the
Model Toxics Control Act (MTCA), establish the administrative processes and standards to
identify, investigate and cleanup facilities where hazardous substances have been released.
These regulations are applicable to remedial ati ities undertaken in the operable units.

The MTCA regulations under WAC 1 3-240-700 establish three basic methods for
determining cleanup levels. These include Meth'd A - Tables, Method B - standard method,
and Method C - Conditional method. Groundwater cleanup standards are presented in
WAC 173-340-720, and soil cleanup standard, ars presented in WAC 173-340-740 and
WAC 173-340-745. The MTCA regulations pecifv procedures for establishing levels that
are protective of human health and the enviroiment based on reasonable maximum exposure
assuming either a residential site use (WA( 1 73- ;40-720 for groundwater and WAC
173-340-740 for soil) or industrial site use ( AC 173-340-745 for soil cleanup). Sections
720 and 740 establish standards under all t re methods, and Section 745 uses only Methods
A and C.
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By definition (WAC 173 -340-200), raioituclides are hazardous substances under
MTCA, and are considered Group A (known human) carcinogens by EPA (56FR33050).
However, Methods B and C equations are deigned to provide cleanup levels for non-
radioactive contaminants, not radionuclides.

Method A is generally used for routin clsanups with relatively few contaminants.
Method A values come from tables in the M'CCA rule, ARAR values (these do not include
values established under WAC 173-360-720, 740, or -745 unless specifically listed in the
tables), practical quantitation limits, and natu al background. Standards for Method A
cleanups are established based on other federi! or state ARARs, including those developed:

* At a I x 1W-' risk-level, based on rrsidential site use in WAC 173-340-720, -740
" At a 1 x 10' risk level, based on industrial site use in WAC 173-340-745
" Based on natural background concentrations
" Based on practical quantification liiiits (PQI)

Method B is the standard method for determining cleanup levels and assumes a
residential site use. Method B levels are determined using federal or state ARARs or are
based on risk equations specified in WAC 17 1-340-720, and -740. For individual
carcinogens, the cleanup levels are based on he ipper bound of the excess lifetime cancer
risk of one in one million (t x W0-). Total e cess cancer risk under Method B for multiple
substances and pathways cannot exceed one ii ore hundred thousand (1 x 10-s).

Method C cleanup levels are used wh ire Method A, or B cleanup levels are below
area background concentrations; cleanup to N eth )d A or 13 levels has the potential for
creating greater overall threat to human health and the environment than Method C; cleanup
to Method A or B is not technically possible; or he site meets the definition of an industrial
site. The requirements for qualification as a Vethod C site are specified in WAC 173-340-
720, -740, and -745. Method C cleanups mu t comuply w'ith other federal or state ARARs,
must use all practical levels of treatment, and must incol)orate institutional controls as
specified in WAC 73-340-706( t). l'otal exc ess cancer risk for Method C cannot exceed 1
in 100,000 (1 x l0').

All three MTCA methods for determii ing cleanup levels require minimum compliance
with other federal or state ARARs, and consideration of cross-media contamination.

Dangerous Waste Regulations WAC 173-303

The Washington State Dangerous Wasie Regulations implement the federal Hazardous
Waste Regulations promulgated pursuant to R ?RA. The regulation establishes requirements
for generation, storage, treatment, and disposAl of dangerous waste. Section WAC 173-303-
070 establishes procedures and methods to determine if solid waste requires management as
dangerous waste. These requirements are or sidered applicable as chemical-specific ARARs
to wastes generated from remedial activities. Sections WAC 173-303-081 (Discarded
Chemical Products), -082 (Dangerous Waste 'ources), -090 (Dangerous Waste
Characteristics), and -100 (Dangerous Waste ( 'riteria) identify classes of dangerous wastes.
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Section WAC 173-303-110 (Sampling and Testing Methods) identifies, by reference,
standards for sampling and testing wastes for designation purposes.

State Radiation Protection Standards - Ch. 70.98 RCW

Washington State Radiation Standards (Cl . 70.98 RCW) were developed pursuant to
the Atomic Energy Act of 1954 and are imple nerted in WAC 246-220 through WAC
246-255. The WAC 246-221, Radiation Protcction Standards is applicable because it
establishes the maximum allowable radiation dost to individuals in restricted areas, exposure
to minors and permissible levels of radiation ror external sources in unrestricted areas.
The occupational dose limit for adults, excluding planned special exposures, shall not exceed
an annual limit of a total effective close equivalent equal to 5 rem, or the sum of the deep
dose equivalent and the committed dose equivalent to any individual organ or tissue other
than the lens of the eye should not exceed 50 rem. An eye dose equivalent of 15 rem is set
for exposure to the eye. The shallow dose ec uivalent for the skin or any extremities is
50 rem. Occupational dose limits for minors are set at 1.0'% of the annual occupational dose
limits for adults.

The standard identifies the methods required to demonstrate compliance and provides
derived air concentration (DAC) and annual limit on intake (ALI) values that may be used to
determine an individual's occupational dose li nit. Dose limits that individual members of
public may receive in unrestricted areas or fr m radioactive effluent are not to cause an
individual continually present in an unrestricted area, to receive from external sources, more
than 0.002 rem in an hour or 0.50 rem in a yiear. Chapter 246-221 also establishes
concentration limits in effluent released to unr_ stricted areas. The WAC 246-247, Radiation
Protection-Air Emissions, promulgates air clmlssiL'n limits for airborne radionuclide emissions
at the same levels as defined in WAC 173-48', which are consistent with federal NESIAPs.
The ambient standard requires that emission o radionuclides to the air must not cause a dose
equivalent of 25 rmrem/year to the whole bodN or 75 mrern/year to any critical organ.

2.6.2 Location-Specific ARARs

Location-specific ARARs are restrictiois placed on the conduct of activities and
location of remedial activities.

2.6.2.1 Federal Location-Specific ARARs.

The National Historic Preservation Act of 1966 - 16 USC 470 et seq.

The National Historic Preservation Act recuires that historically significant properties
be protected. The Act requires that impacts posed to property listed on or eligible for
inclusion on the National Register of Historic 'laces must be evaluated. The National
Register of Historic Places is a list of sites, buildings, or other resources identified as
significant to United States history. If facilities within the operable units are determined to
be of historical significance, this Act is applic, ble
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The Archeological and Historic Preservation At t - 16 L:SC 469a

This Act is similar to the National Historic Preservation Act but differs in that it
mandates only protection of historic or archaeologic data and not the actual archaeologic or
historical site. If activities in connection witI any federal project or federally approved
project may cause irreparable loss to significant scientific, prehistorical, or archeological
data, the Act requires that the agency responsible for the project preserve the data. This Act
requires that actions conducted at a waste site must not cause the loss of any archeological
and historic data. There are known and potential archeological sites in the 100 Area. This
Act is, therefore, applicable.

The Endangered Species Act - 16 USC 1531

The Endangered Species Act of 1973 cstablishes requirements to protect species
threatened by extinction and habitats importan to their survival. The Endangered Species
Act is designed as a means for the conservation of flora and fauna that are threatened with
extinction. Endangered species are identified under the Act as species that are in danger of
extinction throughout all or a significant portion of their range. Threatened species are
identified as species 4hat are articipated to be in danger of extinction within the foreseeable
future. The Endangered Species Act provides for the designation of critical habitat, defined
as "specific areas within the geographical area oct.upied by the (endangered or threatened)
species ... on which are found those physical )r biological features essential to the
conservation of the species..." This Act is ap jlicable because some threatened and
endangered species ire residents or seasonal xisitors with the 100 Area.

Floodplain/Wetlands Environmental Revie* Requirements 10 CFR 1022

This regulation requires DOE and othe feieral agencies to comply with the
requirements of Executive Order 11990 - Protection of Wetlands, and Executive Order 11988
- Floodplain Management. Executive Order 11988 requires DOE procedures to ensure that
any action conducted in a floodplain shall consider alternatives to avoid adverse effects in the
floodplains. Executive Order [1990 requires protection of wetlands from destruction. This
regulation requires federal agencies to implement these considerations through existing
federal standards, such as the National Environmental Policy Act. The U.S. Army Corp of
Engineers has established a nationwide permitting program for actions that impact wetlands.
Under CERCLA, onsite actions are not required to comply with administrative permit
requirements of federal, state and local regulationm: however, CERCLA actions must comply
with substantive portions of the regulations. 'I her, are wetlands within the 100 Area
operable units. The substantive requirements )f these Orders are, therefore, relevant and
appropriate.

2.6.2.2 State Location-Specific ARARs.

Department of Game State Environmental Policy Act Procedures - WAC 232-012

The regulations include the State of Washington Department of Fish and Wildlife
procedures for compliance with the Washington Szrte Enironmental Policy Act (SEPA). The
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Act requires that management plans be developed if threatened, endangered, or sensitive
wildlife or habitat are affected by remedial actions at the site. Even though the majority of
these requirements are administrative in nature, remedial activities are required to meet the
substantive aspects of the regulation and to adhere to the goals of protecting and enhancing
wildlife resources. Since state-listed threateried and endangered species have been identified
in the 100 Area, this Act is applicable. The Washington State Department of Fish and
Wildlife will be consulted to determine management policies and any mitigation that may be
necessary to minimize ecological impacts.

2.6.3 Action-Specific ARARs

Action-specific ARARs will be refined once general response actions have been
formulated and alternative formulation and screening have been completed.

2.6.3.1 Federal Action-Specific ARARs

Resource Conservation and Recovery Act, as amended - Title 42 USC 6901

The Resource Conservation and Recoi ery Act (RCRA) regulates the generation,
transportation, storage, treatment, and disposal of hazardous waste. Washington State
Dangerous Waste Regulations implement the federal hazardous waste regulations and provide
for regulation of state-designated dangerous waste. On November 23, 1987, Ecology was
given authorization by EPA to regulate the &ngerous/hazardous component of mixed waste
within the state.

Substantive sections of the RCRA regulations are applicable because remedial
activities may generate dangerous/hazardous wastes. Land disposal restrictions (LDR),
outlined in 40 CFR 268, identify hazardous wastes that are restricted from land disposal and
defines those limited circumstances tinder which an otherwise prohibited waste may continue
to be land disposed. These circumstances include treatment standards based on waste
concentrations, waste extract concentrations, technology based standards, or variances based
on technical feasibility.

Radiation Protection for Occupational Workers - DOE Order 5480.11

DOE Order 5480.11, "Radiation Protection for Occupational Workers," establishes
radiation protection requirements for worker protection trom-ionizing radiation at DOE and
DOE contractor operations. These standards ire fBC under CERCLA because they are not
promulgated standards. However, compliance with DOE Orders is required at the Hanford
Site. DOE policy is to implement all radiatio protection requirements that are consistent
with EPA guidance or based on tie recommendations of authoritative organizations such as
the National Council on Radiation Protection trid Measurements (NCRP) and the
International Commission on Radiological Prouection (ICRP). The DOE policy states that
DOE operations are to be conducted so that ri dia ion exposures are within the limits
established by this Order and as far below the lin its set in this Order as reasonably
achievable. The DOE adheres to the ALARA po icy on radiation exposure. The ALARA
policy represents a process for monitoring ane evatluating work practices so that radiation
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exposure is reduced to levels as far below th- a ceptable dose as socially, technically, and
economically feasible.

Radiation protection standards for iternal and external exposure for occupational
workers are expressed in terms of stochastic ain nonstochastic effects. Stochastic effects are
effects such as malignancy or hereditary diseases that have a probability of occurring as a
function of dose and that have no threshold cose for radiation protection purposes.
Nonstochastic effects are effects for which the severity of the effect is related to the dose
received and for which a threshold dose may exist. The exposure to workers as a result of
DOE operations shall not result in exposure n excess of (he limits established under this
Order. The exposure limit for stochastic effects resulting from internal and external sources
of exposure to any occupational worker must no exceed 5 rem/year. The annual dose
equivalent received by an occupational worker for non-stochastic effects to individual organs
and tissue is 15 rem to the lens of the eye, aid -0 rem to any other organ, tissue (including
skin of the whole body), or extremity of the bodv.

The maximum annual dose equivalent established for the protection of the unborn
child (from conception to birth) as a result ol occupational exposure is 0.5 rem. The
employee is responsible for providing writter notification of the pregnancy to their employer.
Individuals under the age of 18 are not to be employed in or allowed to enter controlled
areas if they will exceed an effective dose eq uivalent of 0 1 rem/year resulting from the sum
of the committed effective dose equivalent from internal exposure and the annual effective
dose equivalent from external exposure. This same exposure limit also applies to students
and is considered as part of the minor's occulational exposure.

The DOE Order establishes annual dose I mits for members of the public entering
controlled areas at 0.1 rem effective dose equivalent per year. The effective dose equivalent
includes the committed internal exposure and the effective dose equivalent external exposure.

Procedural requirements for calculating and evaluating the combined internal and
external dose equivalents are provided in the Order. The methodology for calculating dose
differentiates external dose to skin and extremities from the dose to external whole body
exposures. Methods for calculating non-uniform exposures to skin are based on the surface
area of the exposed skin. The Order also presen s air aid water concentration guides.
Derived air concentration (DAC) values fo- r idiation exoosure control in the workplace were
developed from ICRP publications and converted to units of rem and curie. The DAC values
are for use in monitoring radiation control and are not to be used in the calculation of
internal dose equivalent received by a worker 'I he DOF maintains a policy that drinking
water in controlled areas is to meet FilA 40 CFR 141 drinking water standards.

Monitoring of occupational workers is required to demonstrate compliance with the
radiation protection standards and under normal c ircumrsances not to calculate the annual
effective dose equivalent received from internal and external sources of radiation. Methods
used for personnel dosimetry must be effectivc fir ionioring compliance, and be performed
using equipment that can be periodically calibrated and is maintained by an accredited
laboratory. Ambient air monitoring is to bc-erformed any workplace where the potential
to exceed 10% of the DAC is anticipated. A r szinples tre to be representative of locations
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where airborne contaminant concentrations arc expected to be elevated. The results of
ambient air monitoring are to be used in assessing radiation control practices and are not for
use in evaluating the annual effective (Jose equivalent to workers.

The DOE Order outlines the requireim nts for release of equipment and materials
from controlled to uncontrolled areas and general practices for facility design. Areas within
DOE facilities are to be posted if radioactive nat rials are present in sufficient quantity to
cause a worker to receive a dose equivalent gteat ir than 5 mrem, but less than 100 mrem in
one hour at 30 cm. Areas are to be posted as "h gh radiation areas" if the dose equivalent
received in 1 hr at 30 cm exceeds 100 mren lut is less than 5 rem, and posted as a "very
high radiation area" if the dose received in I hr at 30 cm exceeds 5 rem. Access to any area
where airborne radioactive material concentration is greater than 10% of the DAC is to be
posted. Entry and exit points from all radiological areas are to be controlled and equipped
with visual or audio alarm systems. Records >f 4 mployee training and exposure are to be
maintained. Specific levels of training are ret uirrd dependent on job function.

Radioactive Waste Management - DOE Order 5820.2A

This Order specifies the policies, guid( lint s, and minimum requirements for DOE
management of radioactive and mixed waste a contaminated facilities. These standards are
TBC under CERCLA because they are not promulgated standards. However, compliance
with DOE Orders is required at the Hanford Site. Chapter III of DOE Order 5820.2A
requires that low-level waste management prat tic(s limit external exposure to radioactive
material released to the environment to levels hal will not result in an effective dose
equivalent to any member of the public in exc.:ss of 25 rnrem/yr and that any air release
meet the emission limits specified in 40 CFR dl. The DOE Order also specifies radiation
exposure be limited to ALARA.

Guidelines for low-level waste management require that wastes are to be accurately
characterized to allow proper management, and be tracked using a manifest system. Specific
requirements are to be developed for the shipment and receipt of waste between the generator
and treatment, storage, or disposal facilities.

Clean Water Act 33 U.S.C. 1251, et. seq.

The Clean Water Act (CWA) was enacted to restore and maintain the chemical,
physical and biological integrity of the nation' waters. This objective is achieved through
the control of discharges of pollutants to navigabhc waters. The CWA has distinct regulatory
features that include site-specific pollutant limi ations and performance standards that are
applied primarily for protection of surface water (xg., regulating point and nonpoint source
discharges to surface water). Unlike the RCRA program, the CWA does not have specific
technology design and operating requirements hat can be linked to specific remedial
technologies. It does, however. have effluent imitations and guidelines and standards
supported by technological bases for specified ndustrial categories, that may be relevant and
appropriate to remedial activities.
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Clean Air Act of 1977, as amended - Tith 42 USC 4201 et seq.

The Clean Air Act regulates emissio i ol hazardous pollutants to the air.
Requirements established under this Act are imolemented by federal, state, and local
regulations. Pursuant to the Clean Air Act, the EPA has promulgated National Ambient Air
Quality Standards (40 CFR 50), National Eision Standards for Hazardous Air Pollutants
(40 CFR 61), and New Source Review Standards (NSRS) (40 CFR 60). The National
Ambient Air Quality Standards are applicable to airborne releases of radionuclides and
criteria pollutants specified under the standard. Specific release limits for particulates are set
at 50 Mg/in 3 annually or 150 pig/nf per 244our period.

Subpart H of the National Emission tadards for Hazardous Air Pollutants
(NESHAP) for emissions of radionuclides o her than radon from DOE facilities are
applicable to remedial activities because the potential to release radionuclides in air emission
to unrestricted areas exists. The Subpart H4 sm ssion limits to ambient air from the entire
facility (Hanford Site) are not to exceed an lncunt that would cause any member of the
public to receive an effective dose equivalent ol 10 mreni/yr. The definition of facility
includes all buildings, structures, and operat on on on: contiguous site. Radionuclide
emissions from remedial activities are requied o be monitored and an effective dose
equivalent value to members o" the public c;Iculated.

The Clean Air Act requires that states regulate emissions from existing sources for
specific designated contaminants. New Souice Performance Standards are considered
relevant and appropriate because criteria est bli bied under this regulation may be used to
evaluate remedial activities' impacts on air cuiality.

2.6.3.2 State Action-Specific ARARs. Ph most significant Washington State laws and
regulations considered to be potential action- ipecific ARARs are discussed in the following
section.

Dangerous Waste Regulations - WAC 173-303

The Washington State Dangerous Waste Regulations (WAC 173-303) implement the
federal hazardous waste regulations for generation, treatment, storage, and disposal of
dangerous waste. These regulations are applicable because the remedial activities may
generate dangerous wastes.

The state land disposal restriction pro rain contains requirements applicable to the
disposalof dangerous waste regulated under WAC 173 303. WAC 173-303-140 contains a
ban on the disposal of extremely hazardous waste in the State of Washington. However,
Revised Code of Washington 70.105050, effictive July 26, 1987, allows the disposal of
radioactive mixed waste at units owned by the [...S Department of Energy if "all reasonable
methods of treatment, detoxification, neutrali/ation, or other waste management
methodologies designed to mitigate hazards a;sociated wth these wastes (are) employed, as
required by applicable federal and state laws and regulations.) The WAC 173-303-140 also
contains requirements to treat the following categories ot dangerous waste accordingly before
land disposal: liquid waste; organic/carbona coi s waste: solid acid waste. As is the case for
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compliance with the federal land disposal ies ricion program, generators of waste are
responsible for assuring that dangerous waste ale treated according to this section before
shipment to land disposal.

Model Toxics Control Act - WAC 173-340

The Model Toxics Control Act (MIC, ) Cleanup Regulations established under
WAC 173-340 are potentially applicable to rt melial activities. This regulation establishes
cleanup requirements that are protective of human health and the environment, and the
methods necessary to achieve these goals. Tie MTCA has statutory preference for
permanent solutions that minimize the quantity o hazardous contaminants remaining on-site.
The hierarchy of preference for remediation tavers destruction and treatment over disposal,
containment and institutional controls. WAC 17 1-340-400 outlines specific requirements that
ensure cleanup actions are designed, constructed and impliemented in a manner consistent
with accepted engineering practices. CZompliance monitoring requirements are specified in
WAC 173-340-400, and requirements for institut onal controls are specified in WAC
173-340-440.

Washington Clean Air Act - Ch. 70.94 and Ch. 43.21A RCW

The Washington Clean Air Act was enacted to comply with the federal Clean Air Act,
as amended. The intent of the Clean Air Act is to ensure the protection of public health and
the air resources of the state. The General Rtguiations for Air Pollution Sources (WAC
173-400) define the policies and authority of cology to control air pollution from air
contaminant sources. The regulation is applik able to remedial activities because it establishes
both technical and procedural standrds for the control of air contaminant sources. Emission
limits are established for visibility, particulate;, fugitive odor, and hazardous air emissions.
WAC 173-400-040 establishes standards for maximum emissions for source units identified
under the regulation. The standard is relevan and appropriate because it establishes emission
limits and requires that all emission units use -easonably available control technology, which
for some source categories may be more strin en3 than the emission limitations listed.

Emission Standards for Sources Emitting Hazardous Air Pollutants are established in
WAC 173-400-075. Requirements of this standard are applicable because remedial activities
could result in the emission of hazardous air pollutants. The regulation requires monitoring,
source testing, and the use of specific analytic al ethods for determining hazardous air
pollutant emissions. The WAC 173-400-115, Standards of Performance for New Sources,
adopts and incorporates CFR 60 as standards >f performance for new sources. The
regulation may be considered relevant and appropriate because it establishes review criteria
that may be used to evaluate remedial activity impacts on air quality.

Requirements of WAC 13-480 are applicible to remedial activities. The Ambient
Air Quality Standards and Emission Limits foi Rdionuclides specifies that the maximum
allowable level for radionuclides in the ambient air shall not cause a maximum accumulated
dose equivalent of 25 mrem/yr to the whole body, or 75 inrem/yr to any critical organ. The
standard also states that the more stringent of my federal or state standard for the control of
radionuclides supersedes the standards of WAC 173-480. The regulation also defines
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monitoring and compliance procedures, and (efines enforcement authority to Ecology and
local air pollution control authorities.

2.7 REFINED CONTAMINANTS OF POTENTIAL CONCERN

The contaminants of potential concern for the 100 Area source operable units were
identified during the qualitative risk assessment/l mited field investigation process, based on
the 100-BC-1, 100-HR-1, and 100-DR-1 opcablc units (see Section 2.1 and Table 2.1 in this
Process Document). In this Process Document, ihese contaminants of potential concern are
compared to the preliminary remediation goas icentified in Section 2.5 to determine which
of the potential contaminants must actually bt addressed by remedial actions. Those
contaminants of potential concern that exceed the preliminary remediation goals, and
therefore must be remediated, are referred to as ie refined contaminants of potential
concern. For the purposes of this Process Docunent, the refined contaminants of potential
concern are identified for each of the waste grou )s (e.g. retention basins, process effluent
trenches). Refined contaminants of potential 'oncern for a waste group are those constituents
that exceed preliminary remediation goal in the m iajority (at least half) of the sites where data
was collected. The refined contaminants of rote itial concern for selected waste site groups
are shown in Table 2-4. Waste site groups a e (iscussed further in Section 3.0 of this
document.
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Table 2-1. Contaminants of Potential Concern for Soil and Solid Waste Sites
(100 Area Source Operable Units).

Radionuclides

Anericium-241
Carbon- 14
Cesium- 134
Cesium- 137
Cobalt-60
Europium-152
Europium- 154
Europium-155
Nickel-63
Plutonium-238
Plutonium-239/240
Potassium-40
Radium-226
Sodium-22
Strontium-90
Technetium-99
Thorium-228
Thorium- 232
Tritium
Uranium- 233/234
Uranium-235
Uranium-238

Inorganics

Antimnony'
Arseic
Barium
Cadmium
Chromium it
Lead
Manganese
Mercury
Zinc

Organics

Aroclor 1260 (PCB)
Benzo(a)pyrene
Chrysene
Pentachlorophenol

PCB = polychlorinated biphenyl
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Table 2-2. Comparison of Human Health-based Preliminary Rernediation Goals
for Radionuclides with Soil Concentrations that Would Result in

Exceedance of I rad/day to the Great Basin Pocket Mouse.

Soil Contaminant Human Health PRG
TR = I x 10

(pCi/g soil)

Americium-241 76.9

Carbon-14 44,200

Cesium- 4 3,460

Cobalt-60 17.5

Europium -152 5.96

Europiun- 154 10 6

Europium- 155

Nickel -63

3,080

184,000

Plutonium -239 72.8

Radium-22 6

Strontium-90

Teclnetiumn-99

Thoriuin-2 28

1,930

28,900

7,260

Thoriuni-232 162

Tritium 2. 900,000 9

Soil Cone. Needed to
Exceed I rad/day from

External Dose
(pCi/g soil)t"

Soil Cone. Needed to
Exceed I rad/day from

Internal Dose
(pCi/g soil)"

70,000 11,000,000

no dose

3,000

17,000

350,000

130,000

450,000

400,000,000

1(,000 23,000,000,000

.3,000 12,000,000,000

0o dose

L>300,000

9 (100,000
-t

no dose

INo dose

lo dose

6,500,000

6,500,000

1,600,000

1,700,000

2,700

148

400

no dose

12,000,000 no dose

I Jose 4,300,000

PRG = preliminary remiediation goal
TR = target risk (in this case, I x 14' incremental ca icer risk, using an occasional use scenario and
accounting for radioactive decay to 2018).
'Calculated using external dose equation (Eq. E-6) ia Appeidix E 01 DOE-RL (1995).
'Calculated Using internAl dose equation (Eq. E-1), and assumptions listed in Table E-I; Appendix E of
DOE-RL (1995)

'Exposure assumptions are that the 23. g mouse is URnT ergiound for 24 hours and consumes 6.7 grants stored
food during ihat period
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HUMAN-HSRAM (b) ECOLOGICAL (a) PROTECTION OF BACKGROUND (d,e) CRQL/CRDL(f)
GROUNDWATER or as noted

TR=iE-067 HQ6710.1 Mouse(g) Plant(h)

INORGANICS (mg/kg)

Antimony N/A 167 3 5 0.002 N/C 6

Arsenic 16.2 125 20 10 0.01 9 3(e)

Barium N/A 29.200 90 500 300 175 2.7(e)

Cadmium 1.360 41 4 2 0.5 N/D 0.5
Chromium VI 200 2086 1000 2 0.03 28 3(c)

Lead N/C 200 5 I 8 !4.0 T.e'

Manganese N/A 2,086 40 500 10 583 18(e)
Mercury N/A 125 U. j 0.3 30.3 1.3 0.16(e)

Lme NiA j Uio.000(k) 30 [ 20 800 79 15.6(e)

Aroclor 126O (PCB) 4,34 N/A 20 40 1 0 0.464()
Benzokajpyrenc N/A N/A I 20 6 n (

II Chrysene I N/A I N/A NC NC 0.01 0 0.980(e)

Pentachlorophenol N/A N/A 200 NCV 0.3 U 2.4(e)

N/A = not applicable; N/C not calculated: TR = target risk; IIQ = hazard quotient
CRDL = contract required detection limit
CRQL = contract required quantitation
HSBRDM = Hanford Site Baseline Risk Assessment Methodology (DOE-RL 1995)
:"Risk-based numbers are expressed to one significant figure, consistent with EPA guidance
"Occasiunal use (Recreational) Scenario
'Based on Summer's Model (EPA 1989b) as outlined in this Process Document.

"'Status Report; Hanford Site Background; Evaluation of Existing Soil Radionuclide Data
"hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes, DOE/RL-92-24, Rev. 2.
"Based on 100-BC-5 OU Work Plan QAPjP (DOE-RL 1992c)
'Based on equations in Appendix A, assuming ingestion of contaminated plants by the pocket mouse.
"Soil concentrations considered to be phytotoxic (Suter, Will, and Evans 1993)
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100 Area Waste Site Group

Contaminants FUEL PROCESS DUMMY
of Concern RETENTION SLUDGE STORAGE PLUTO DECONTAMINATION BURIAL

UASINS TRENCHES BASIN CRIBS/FRENCH- PIPELINES GROUNDSBASINSE TRENCHES CRBASINBSFENH
TRENCHES TDRAINS

Radionucfides

14c X x

Co X X X X X
'Eu X X XXI X X
"Eu X X X X

H~ X7

X X +

Sr X X XX

Inorganics
Arsenic X X

Cadmium X X X X
Chromium V _ X X X X

Lead X X X
Mercury X

X: indicates presence of this conuaminant at each waste site

0
0

0

(~1

I



Hz

'A, 1
19 1()--1/ 3q )(



DOE /RL-94 61
Je 0DRAFT

3.0 WASTE SITE GROUPS AND SITE RESOURCES

As previously discussed in Section 1.4 of this document, the 100 Area contains
multiple waste sites (sources). Sections 3.1 and 3.2 identify these waste sites and provide the
information to assemble these sites into groups consistent with the analogous site approach
described in Section 3.2. The waste site groups are based on similar characteristics, such as
physical structure, function, and impacted media. Similarities and differences between the
sites within each group are then evaluated and compared to develop a group profile that is
representative of the associated waste sites. The group profiles form the basis for the
subsequent development of interim remedial neisure alternatives applicable to each site
group in Section 4.0.

Section 3.3 provides Hanford Site background information and 100 Area specific
information regarding geological, hydrological, meteorological, ecological, cultural, and
visual resources associated with these waste sites. Discussions are also included regarding
Hanford Site recreation, noise, socioeconom cs, employment, economics, transportation,
health care, police and fire protection, and utilities. These existing site resources provide the
basis to assess potential impacts to resources regarding remedial measure alternative
development. These impacts are discussed ii Section 5.2.

3.1 GROUP DESCRIPTIONS

This Process Document addresses the waste site groups identified in Figure
1-4, except for the septic systems and special use burial grounds. These groups are not
included because they are not represented by any current interim remedial measure candidate
sites in the 100 Area. Retention basins, outtall structures, and pipelines represent those sites
that transferred the contaminated reactor effluent for ultimate disposal to process effluent
trenches or to the Columbia River. Trenches, cribs, and french drains are those sites that
were used for the ultimate disposal of contaminated liquid wastes. Solid waste burial
grounds and decontamination and decommissioning (D&D) sites are the contaminated solid
waste sites discussed in this Process Document. Each group is described below.

3.1.1 Retention Basins

The 100 Area retention basins are reciangular concrete or circular steel structures that
were used-to -retain cooling water effluent -frern -he reactor for radioactive decay and thermal
cooling before discharge to the river. Some 3f the basins were baffled to provide separate
compartments. Initially, effluent was directed to only one side of the basin at a time
allowing effluent contaminated by ruptured fuel clements to be diverted to other disposal
facilities such as cribs and trenches. However, different temperatures between the basin
halves resulted iii cracks and leakage. This L]akage and increased production rates forced
simultaneous use of the retention basin compartments. After the reactors final shutdown,
some of the retention basins were demolished and buried in-place. The basins have also been
used as disposal places for contaminated ppinig and other demolition materials.
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3.1.2 Outfall Structure

Outfall structures are compartmentalized boxes that were used to direct the liquid
effluent from the retention basin to the river pipelines for discharge to the middle of the
Columbia River. These structures were construeted of reinforced concrete with concrete or
rip-rap sp'llways (spillways were used only in case of overflow). Most of the outfalls have
been demolished to near-grade level and backfilled. The outfall structures have not been
decontaminated or cleaned out in a manner similar to the D&D facilities; therefore, some
contamination may still exist at the sites. Effluent was usually discharged via the outfall and
river pipelines; however, effluent discharges sometimes overflowed the outfall structure and
exceeded ihe capacity of the spillways resulting n overflow to surrounding soils.

Although the outfall structures were originally on the interim remedial measure
pathway, they have been recently designated for an expedited response action. The 100 Area
River Effluent Pipelines Expedited Response Action Proposal (DOE-RL 1994a) indicates that
the 100 Area outfall structures will be addressed concurrently with the river pipelines
(Section 4. 1 3). The outfall structures are thlrefore removed from the interim remedial
measure pathway and are not addressed further in this Process Document. Should the
expedited response action not be able to effectivdly address the outfall structures, the outfalls
will return to the interim remedial measure p thway.

3.1.3 Effluent Pipelines

Effluent pipelines connect the reactors to (he retention basins, the retention basins to
the outfall structures, and the outfall structures to the discharge point in the middle of the
Columbia River. The 100 Area has approximately 18,900 m (62,000 ft) of effluent pipeline
ranging in size from 0.3 to 2.1 m (12 to 84 in.) in diameter (Adams et al. 1984). The
pipelines were constructed of carbon steel, reinforced concrete, or vitreous tile. The
pipelines include manholes, junction boxes, tie-lines between parallel legs, and valves. Most
of the on-land pipelines are buried, although a portion of the effluent line in the 100-F Area
is above ground.

This Process Document addresses onbl those pipelines connecting the reactor to the
retention basin and from the retention basin to the outfall structures (on-land pipelines). The
sections of pipeline that extend to the middle )f the Columbia River from the outfall
structures (river pipelines) are being addressed as an expedited response action. An
engineering evaluation and cost assessment for addressing the river pipelines has been
performed and is documented in 100 Area Ri er Effluent Pipelines Expedited Response Action
Proposal (DOE-RL 1994a).

There are some pipeline leaks mainly at the junction boxes of the steel and concrete
lines and the rubber joints of the tile lines (Doriai and Richards 1978). Effluent line
contamination is primarily in these leakage areas and in the accumulated sludge in the pipes.
Leakage area contamination is valid only if pipeline leakage is documented by data indicating
soil contamination. Otherwise, only the pipeline and associated sludges are considered as the
contaminated media.
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3.1.4 Trenches

Trenches are unlined, open excavations that were used to dispose of contaminated
liquids and sludges into the soil. Trenches used for disposal activities are described below:

e Sludge trenches - used to dispcse )f highly contaminated sludge that had
accumulated on the floor of the retention basins.

* Fuel storage basin trenches used only once to dispose of discharged shielding
water from the fuel storage ba in due to c~cessive levels of contamination.

* Process effluent trenches - used to dispose of highly contaminated cooling
WateI tlat Was diviLcu IUIM LJH ICLIetni basins.

3.1.5 Cribs/French Drains

Cribs and french drains are in-ground structures tilled with porous material used to
dispose of liquid waste. Cribs are generally ock-filled buried structures. The first cribs in
the 100 Area were usually open-bottomed and constructed of wooden timbers. The cribs
generally range in area from 9.3 to 18.6 m2 (100 to 200 fr?). French drains are generally
gravel-filled, and constructed of steel, concre e, or vitreous clay pipe. They are 0.9 to 1.2 m
(3 to 4 ft) in diameter and range from 0.9 to 6.1 m (3 to 20 ft) deep. Cribs and french
drains are similar because they are small, haxe similar structures and disposal volumes, and
were used frequently. The crib/french drain ;ites are diided into the following four groups
based on associated waste streams.

e Pluto cribs - received highly contaminated waste from reactor cooling water
that was flushed directly from )rocess tubes affected by fuel cladding failures.

* Dunmy decontamination crib/french drains - received waste from laboratory
or reactor equipment decontamination procedures, such as dummy fuel
elements.

* Seal pit cribs - received condei sate waste from the reactor filter building
operations.

0 Special cribs - received site-specific waste stream for a special facility or
project. These sites require individual analyses and no group profile was
developed.

3.1.6 Solid Waste Burial Grounds

Solid waste burial grounds used by the reactor facilities included trenches, pits,
vertical pipes, and/or vault-like structures. Tie smallest burial ground is only a few feet
wide and a few feet long; the largest burial ground is about 6.1 m (20 ft) deep, 91 m (300 ft)
long, and 2.4 m (8 ft) wide (at the bottom). The deep narrow trenches contained large
contaminated equipment; the pits and pipes ccntained small, contaminated reactor hardware,
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such as thermocouple stringers and horizont I control rod tips. A typical burial trench
consists of layers of hard waste (metal compineits such as irradiated process tubes and fuel
charge spacers) and soft waste (contaminatec paper, plastic, and clothing). Hard waste was
usually placed in the bottom of the trench. 'oft waste consists of more than 75% of the
contamination in the trenches, but contains , I % of the radioactive inventory (Adams et al.
1984). Miller and Wahlen (1987) estimated the total radionuclide inventory from reactor
operations for these burial grounds to be abo it 4,000 curies, mostly from cobalt-60 and
nickel-63. Inorganic wastes include boron, cadmium, graphite, lead, lead-cadmium alloy,
and mercury.

3.1.7 Decontaminated and Deconmissioned Facilities

As soon as the reactor operation was hut down, DOE began a D&D program of
buildings and facilities to reduce the potential spiead of radioactive contamination from the
reactors. Most of the contaminated buildings and facilities were demolished and buried in
place,-disposed of n--the clearwells associat& with the water treatment facility (clean
material only), or taken to the 200 Area for I urial. Uncontaminated wooden buildings and
equipment were salvaged, and some uncontaminated buildings were converted to storage
facilities. New buildings were consiructed oi demolished building locations.

Decontamination and decommissioning ac:ivities included removing or fixing
smearable contamination and sampling to determine residual contamination levels. The
residual contamination is compared to allowalle iesidual contamination levels (a method used
to determine if the level of residual contam i[ion is within release limits). The method to
determine the allowable residual conramina io i levels is documented in Kennedy and Napier
(1983). This analysis determines whether tad.oat tively contaminated sites require further
decontamination or remedial action before the sit( is "released." For a site to obtain an
unrestricted release status, total radiation rnus be 10 mrem/yr or lower (Department of
Health 1994). A number of these facilities have been cleaned up and released.

3.2 GROUP PROFILES

Based on the data from the 100-BC-I, 100-DR-1, [00-HR-1, and Source Operable
Unit Limited Field Investigation (DOE-RL 199 3c, DOE-RI. 1993d, and DOE-RL 1993b),
and the refined contaminants of potential concern discussed in Section 2.6, a profile for each
waste site group has been developed. The 100-BC-1, 100-DR-1, and 100-HR-1 Operable
Units are considered adequately representative of the 100 Area waste sites; therefore, the
interim remedial measure candidate sites from these operable units are used to define the
group profiles. Site-specific deviations from these profiles will be identified and addressed in
each operable unit-specific FFS document to eisuie that characteristics not represented by the
group profile defined here are given adequate monmderation,.

The group profile consists of waste site characteristics, such as the type of
contaminated media/material, the extent of contamination, maximum concentrations of the
refined contaminants of potential concern, and an assessment of whether soil concentrations
are protective of groundwater under a reduced infiltration scenario. The profiles perform
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two functions: (1) they establish a baseline to determine appropriate Remedial Alternatives
for the waste site group (i.e., the presence if contaminants such as organics that require
special treatment enhancements) and (2) they function as a data base to determine costs and
durations of remedial activities (i.e., generally the volume of contaminated material increases
the cost of disposal and duration of excavation). The profile parameters are defined below.
General group characteristics are detailed in Table 3-1.

3.2.1 Extent of Contamination/Selection of Representative Waste Site

The extent of contamination evaluatikn consists of estimating contaminated material,
volume, length, width, area, and thickness. The values for these parameters are based on a
comparison of all interim remedial measure :andidate sites within a group. The extent of
contamination from the site with the greatest amount of contamination is chosen to represent
the extent of contamination for the group. Volume, length, width, and area do not
necessarily influence the determination of apioropriate Remedial Alternatives; however, they
are important considerations for developmen of remedial action durations and costs. By
using the site with the greatest amount of co itaiiination. the cost and duration of the
remedial action represents a worst-case scenmrio for the group. In addition, site-specific
costs and durations are determined in each onerable unit-specific FFS. Furthermore,
thickness of the contaminated lens impacts t e implementability of in situ actions, such as
vitrification, which has a limited vertical ext nt of influerce.

3.2.2 Contaminated Media/Material

Contaminated media and material are defined by any media and material present at
any interim remedial measure candidate site vitlin a group. Structural materials, such as
steel, concrete, and wooden timbers influence the applicability of Remedial Alternatives, as
well as equipment needed for actions such as removal. The presence of soils and sludges is
necessary to implement treatment options such as soil washing. Presence of solid waste
media influences material handling considerations and may require Remedial Alternatives,
which vary from waste sites that have only conurminated soil.

3.2.3 Refined Contaminants of Potential Concern/Maximum Concentrations

Refined contaminants of potential con err for each site were selected by comparing
the maximum concentrations detected at the site with the preliminary remediation goals.
Contaminants with concentrations that exceeded The preliminary remediation goals were
selected as refined contaminants of potential concern. Contaminant concentrations present in
soil at a depth of 1 m (3 ft) or less were comoartd with preliminary remediation goals
intended to protect human health. Human he ilth preliminary remediation goals are based on
achieving an incremental cancer risk of I 1 )6 or a noncancer hazard quotient of 0.1, based
on occasional land use assumptions. As discussed in Section 2.5.2, these human health
preliminary remediation goals are also considtrec to be protective of ecological receptors
(plants and terrestrial organisms). Therefore. co itarninant concentrations present in soil
down to a depth of 3 m (10 ft) were also con pared with the preliminary remediation goals
intended to protect human health. Finally, centaminant concentrations present in soil at
depths greater than 3 m (10 ft) were compare I with preliminary remediation goals intended
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to protect groundwater. Groundwater preliminary remediation goals were based on achieving
Maximum Contaminant Levels or Derived Concentration Guides in groundwater; the
concentrations in soil corresponding to thesc levels in groundwater were calculated using the
Summers Model. The assumptions and meihods used to calculate these preliminary
remediation goals are presented in Appendi A

The refined contaminants of potentia. concern are used to estimate the volume of
contaminated soil that requires remediation o protect human health and the environment.
Refined contaminants of potential concern may also influence the applicability of specific
Remedial Alternatives. For example, if the refined contaminants of concern at the site are
limited just to radionuclides with short half- ives, the institutional control alternative would
be applicable. Finally, the refined contamnii ants of concern may also determine if an
enhancement is appropriate for the waste sit. For example, if organic contaminants are
present, thermal desorption should be consihered.

32.4 Reduced infiltration Concentratlon

The reduced infiltration concentration is the level that is considered protective of
groundwater under a scenario where hydraulic infiltration is limited by applying a surface
barrier. The source of this concentration is documented in Appendix A. The maximum
concentration detected is compared to the allowable reduced infiltration concentration.
Impact to groundwater will not be mitigated by Containment Alternatives for waste sites
where concentrations of constituents in soil rxceed the reduced infiltration concent itions.

3.2.5 Analogous Site Concept

In addition to being the basis for the detailed and comparative analysis performed in
this Process Document (and in subsequent operable unit-specific reports) and in facilitating
the use of the plug-in approach, developing J group profile helps implement the analogous
site approach. The analogous site approach allows conditions from a site or sites with data,
to be assumed for sites without data as long as the sites are analogous (i.e., within the same
group). This minimizes the amount of site-spec fic investigations required to define waste
site characteristics. The group profiles presented herein can serve as a basis to develop site-
specific conditions addressed in each operable unit specific FFS. For the site-specific
evaluation, the following methodology is used when assessing data from analogous waste
sites:

* Contaminants:

- Assume contaminant ty es (radionuclides, inorganic, or organics) are
the same for all sites w ithin a group unless site-specific data indicates
otherwise

- If a site has no contaminant data, use contaminant inventory (specific
constituents) from the groun profile.

3-6
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Extent of contamination:

- Determine extent of coi tanination based only on site-specific data when
available

- If no contaminated data are available, use group profile data to assume
extent of contamination

'The following sections discuss the prolile for each waste site group. The specific
elements of each profile are presented in Tab e 3-1.

3.2.6 Waste Site Group Representatives

Representative waste sites were selectcd within each waste site group from the
100-HR-1, 100-DR-1, and 100-BC-1 Operabl: Units to serve as examples to determine
physical size, contaminants of concern, containinated media, and other pertinent information.
Specific waste sites that were used as represettat ves of a waste site group are presented
below.

Waste Site Groups and Profile Examples

Waste Site Group

Retention Basins

Sludge Trenches

Fuel Storage Basin Trenches

Process Effluent Trenches

Pluto Cribs

Dummy Decontamination Crihs/French
Drains

Seal Pit Cribs

Pipelines*

Burial Grounds

Decontaminated and Decommissioned
Facilities

Waste Site Representing
the Group

116-DR-9

107-D #2

116-D-IA

116-C-1

116-D-2A

116-13-4

not applicable

100-B/C pipelines

118-D-4A

not applicable

*Table 3-1 indicates that plutonium-239/240 exc eds the reduced intiltration concentration. This
exceedance is invalid because the waste containing this contaminant is in the sludge within the
pipeline and is assumed to be inuobile.

Table 3-1 provides specific waste sites information for the waste site groups. All
waste site groups are represented except for tl e seal pit cribs and the decontaminated and
decommissioned facilities.
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None of the seal pit cribs identifies as interim remedial measure candidates have
contaminants with concentrations that exceed preliminary remediation goals. As a result,
there is no contaminated volume for the seal pit cribs; thus, no representative site was
selected and no profile parameters were defined

Because of the decontamination and decommissioning process and the decontamination
and decommissioning release methodology cisciissed in Section 3.1.7, it is assumed that sites
that have been subject to decontamination and decommissioning pose no threat warranting an
interim action. Therefore, no representative decontamination and decommissioning site has
been selected and no profile parameters are defined. Site-specific reports for all sites that
have undergone decontamination and decom nissioning are available. These reports document
the decontamination and decommissioning attivities and substantiate the release of the sites
under the allowable residual contamination I wels methodology.

The estimated amount of contamination lor each site is documented in the 100-BC-1,
100-DR-I, and 100-HR-1 Operable Unit FFSs that are found in Appendices E, F, and G,
respectively. Representative costs and durations for remediation actions at each waste site
group are based on the physical dimensions; they are presented in detail in the 100-BC-I and
100-DR-1 Operable Unit FFSs (Appendices V and G).

3.3 RESOURCES

T!, following sections provide Hanford Site wide information and 100 Area specific
information regarding geological, hydrological, meteorological, cultural, ecological
and visual resources. Discussions are also included regarding Hanford Site recreation, noise
levels, socioeconomics, employment, economics transportation, health care, police and fire
protection, and utilities.

3.3.1 Geology

3.3.1.1 Hanford Site. The Hanford Site is situated in the Pasco Basin, a sediment-filled
basin on the Columbia Plateau. The sediments of the Pasco Basin are underlain by the
Miocene-age Columbia River Basalt Group, i thick sequence of flood basalts that cover a
large area in eastern Washington, western Idaho, and northeastern Oregon. The sediments
overlying the basalts, from oldest to youngest, include the Miocene-Pliocene Ringold
Formation, local alluvial deposits of possible late Pliocene or probable early Pleistocene age,
local early "Palouse" soil of mostly eolian origin derived from either the reworked
Pleistocene unit or upper Ringold material, giaciofluvial deposits of the Pleistocene Hanford
Formation, and surficial Holocene eolian and fluvial sediments.

3.3.1.2 100 Area. The 100 Area is spread out along the Columbia River in the northern
portion of the Pasco Basin. All of the 100 Area, except the 100-B/C Area, lies on the north
limb of the Wahluke syncline. The 100-B/C Nrea lies over the axis of the syncline (WHC
1993b). The top of the basalt in the 100 Area ranges in elevation from 46 m (150 ft) near
the 100-H Area to -64 m (210 ft) below sea lcvel near the 100-B/C Area.
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The Ringold Formation shows a marked west-to-east variation in the 100 Area. The
main channel of the ancestral Columbia Rivei flowed along the front of Umtanum Ridge and
through the 100-B/C and 100-K areas, before turning south to flow along the front of Gable
Mountain and/or through the Gable Mountain-Gable Butte gap, leaving relatively thin
deposits of sand and gravel in the 100-B/C ard 100-K Areas. In the 100 Area, the Hanford
formation consists primarily of Pasco Gravels fa( ies, wi t local occurrences of the sand-
dominated or slackwater facies (Cushing 1994).

Soils. The predominant soil types in tl is area are Burbank loamy sand (34%), Ephrata
sandy loam (23%), Ephrata stony loam (23% , aid Quincy sand (17%). Other soil types
include Pasco silt loam, Kiona silt loam, and river wash (Hajek 1966).

3.3.2 Hydrology

33.2.1 Surface Water Surface water at th2 Hanford Site includes the Columbia River
(northern and eastern sections), Columbia Rixerbank springs, springs on Rattlesnake
Mountain, onsite ponds, and offsite water systems directly east and across the Columbia
River from the Hanford Site. In addition, the Yakima River flows along a short section of
the southern boundary of the Site (Cushing 1994).

Columbia River. The Columbia River is the second largest river in North America
and the dominant surface-water body on the Ilanford Site. The existence of the Hanford Site
has precluded development of this section of river for irrigation and power, and the Hanford
Reach is now being considered for designation as a National Wild and Scenic River as a
result of congressional action in 1988 (Cushir g 1994).

The primary uses of the Columbia River include the production of hydroelectric
power, extensive irrigation in the Mid-Colum ia Basin, and as a transportation corridor for
barges. Several communities located on the (olhmbia River rely on the river as their source
of drinking water. Water from the Columbia River along the Hanford Reach is also used as
a source of drinking water by several onsite f cil ties and for industrial uses (Dirkes 1993).
In addition, the Columbia River is used exten:ively for recreation, including fishing, hunting,
boating, sailboarding, waterskiing, diving, and swimming (Cushing 1994).

Yakiiua River. The Yakima River bc rders a smalt length of the southern portion of
the Hanford Site. Approximately one-third o1 the Hanford Site is drained by the Yakima
River System (Cushing 1994).

Springs and Streams. Rattlesnake and S iively springs, located on the western part
of the Hanford Site, form small surface streais. Rattlesnake Springs flows for about 3 km
(1.6 mi.) before disappearing into the ground. Cold Creek and its tributary, Dry Creek, are
ephemeral streams within the Yakima River drairage system along the southern portion of
the Hanford Site. These streams drain areas o the west of the Hanford Site and cross,
infiltrates rapidly and disappears into the surface gediments in the western part of the
Hanford Site (Cushing 1994).

9
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Columbia Riverbank Springs. The seepage of groundwater, or springs, into the
Columbia River has been known to occur for many years. Riverbank spring discharges were
documented along the Hanford Reach long before Hanford operations began during the
second world war (Jenkins 1922). Riverban springs are monitored for radionuclides at
100-N, the old Hanford townsite, and the 300 Area. These relatively small springs flow
intermittently, apparently influenced primarily by changes in river level. Hanford-origin
contaminants have been documented in these groundwater discharges along the Hanford
Reach (Dirkes 1990; DOE 1992; McCormack and Carlile 1984; Peterson and Johnson 1992).

Flooding. Columbia River floods ha 'e occurred in the past (DOE 1987), but the
likelihood of recurrence of large-scale floodiig has been reduced by the construction of
several flood-control/water-storage dams ups rea n of the Hanford Site. Major floods on the
Columbia River typically result from rapid nelting of the winter snowpack over a wide area
augmented by above-normal precipitation. t )e probability of flooding at the magnitude of
the 1894 and 1948 floods has been greatly reduced because of upstream regulation by dams.

There are no Federal Emergency Mar agement Agency floodplain maps for the
Hanford Reach of the Columbia River. Fed ral Emergency Management Agency only maps
developing areas, and the Hanford Reach is specifically excluded (Cushing 1994).

Onsite Ponds. Currently, there are t vo hnsite ponds at the Hanford Site. West Lake
is located north of the 200 East Area, and is recharged from groundwater (Gephardt et al.
1976). The Fast Flux Test Facility Pond is located near the 400 Area, and was excavated in
1978 for the disposal of cooling and sanitary water from various facilities in the 400 Area
(Cushing 1994). The ponds are not accessible to the public and do not constitute a direct
offsite environmental impact. Periodic sampling provides an independent check on effluent
control and monitoring systems (Woodruff et al. 1993).

3.3.2.2 Groundwater.

Hanford Site Aquifer Systems. The nconfined aquifer at the Hanford Site is
referred to as the upper or suprabasalt aquifer sytem because portions of the upper aquifer
system are locally confined or semiconfined. However, because the entire suprabasalt
aquifer system is interconnected on a sitewide scale, it will be called the Hanford unconfined
aquifer for the purpose of this report. Aquifers located within the Columbia River Basalts
are referred to as the confined aquifer system (Cishing 1994).

Confined Aquifer System. Confined iquifers within the Columbia River Basalts are
within relatively permeable sedimentary interbeds and the more porous tops and bottoms of
basalt flows. Hydraulic-head information indicates that groundwater in the confined aquifers
flows generally toward the Columbia River and, in some places, toward areas of enhanced
vertical flow communication with the unconfired ;ystem (Bauer et al. 1985; Spane 1987;
DOE 1988).

Unconfined Aquifer. Groundwater in the unconfined aquifer at the Hanford Site
generally flows from recharge areas in the elevated region near the western boundary of the
Hanford Site toward the Columbia River on the eastern and northern boundaries. The
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Columbia River is the primary discharge are., for the unconfined aquifer. Natural areal
recharge from precipitation across the entire Hanford Site is thought to range from almost
0 to 10 cm (0 to 4 in.) per year, but is probably less than 2.5 cm (1 in.) per year (Gee and
Heller 1985; Bauer and Vaccaro 1990). Since 1944, the artificial recharge from Hanford
Site wastewater disposal operations has been significantly greater than the natural recharge.
An estimated 1.68 by 10" L (4.4 by 10" gallons) of liquid was discharged to disposal
ponds, trenches, and cribs (Cushing 1994).

3.3.2.3 Columbia River Water Quality. Washington State has classified the stretch of the
Columbia River from Grand Coulee to the Washington-Oregon border, which includes the
Hanford Reach, as Class A, Excellent (Ecology 1992). Class A waters are suitable for
essentially all uses, including raw drinking Aatei, recreation, and wildlife habitat.

Radiological monitoring indicate low evtls of tritium, strontium, iodine-129, iodine-
131, uranium, and cobalt-60 that were below concentration guidelines established by DOE
and the EPA drinking water standards (PNL 1990). Nonradiological water quality
parameters measured during 1989 were similir to those reported in previous years and were
within Washington State Water Quality Stamdards (PNL 1990).

3.3.3 Meteorology

The Hanford Site is located in a semiarid region of southeastern Washington State.
The Cascade Mountains, beyond Yakima to the west, greatly influence the climate of the
Hanford area by means of their "rain shadow" effect; this mountain range also serves as a
source of cold air drainage, which has a considerable effect on the wind regime on the
Hanford Site (Cushing 1994). Climatological data are available for the Hanford
Meteorological Station, which is located between the 200 East and 200 West areas.

Temperature. Ranges of daily maximum and minimum temperatures vary from
normal highs to 20C (36*F) in early January to 350 C (950 F) in late July. The record
maximum temperature is 45'C (1 13'F) and the record minimum temperature is -31 0C (-24'F)
for the years 1912 through 1980.

Humidity. Relative humidity/dew point lemperature measurements are made at the
Hanford Meteorological Station and at the three 60 m (200 ft) towers located in the 300,
400, and 100-N areas. The annual average relative humidity at the Hanford Meteorological
Station is 54%. It is highest during the winter months, averaging about 75%, and lowest
during the summer averaging about 35% (Cushihg 1994).

Wind. Wind data are collected at the Hanford Meteorological Station. Monthly
average wind speeds are lowest during the winter months, averaging 10 to 11 km/h (6 to 7
mi/h), and highest during the summer, averaging 14 to 16 km/h (8 to 10 mi/h). Wind
speeds that are well above average are usually associated with southwesterly winds.
However, the summertime drainage winds arc generally northwesterly and frequently reach
50 km/h (30 mi/h). These winds are most prevalent over the northern portion of the
Hanford Site (Cushing 1994).
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Precipitation. Average annual precipitation at the Hanford Meteorological Station is
16 cm (6.3 in.). Most precipitation occurs during the winter with more than half of the
annual amount occurring from November through February. Days with more than 1.3 cm
(0.51 in.) precipitation occur less than 1% of the year. Rainfall intensities of 1.3 cm/h (0.51
in./h) persisting for 1 hour are expected onl, once every 500 years. Winter monthly average
snowfall ranges from 0.8 cm (0.32 in.) in March to 14.5 cm (6 in.) in December. The
Snowfall accounts for about 38% of all precipitation from December through February
(Cushing 1994).

Air quality. Air quality near the Haiford Site is considered good because there are
only a few industrial sources c f . pollutant;. 'The Benton-Franklin Counties Clean Air
Authority routinely compiles eu.ssion inventories for permitted major sources of pollutants.
In areas where the National Ambient Air Quality Standards have been achieved, the EPA has
established the Prevention of Significant Deterioration program to protect existing ambient air
quality. The Hanford Site operates under a trevention of Significant Deterioration permit
issued by the EPA in 1980. The permit provides specific limits for emissions of oxides of
nitrogen from the Plutonium Uranium Extraction (PUREX) and Uranium Oxide (UO3) plants
(Cushing 1994).

3.3.4 Cultural Resources

The 100 Area is rich in cultural resources. Burials, prehistoric and historic
archaeological sites, sacred and traditional cultural areas, and historic structures are all
examples of cultural resources that must be considered in planning and implementing cleanup
activities. Human burials are the category of cultural resource that pose the most serious
concern. In the 100 Area, several historic Wanapum cemetery locations are known, some of
which are near areas scheduled for remediation. Burial locations that predate the memories
of Wanapurn people, however, are not known. Because the Hanford Reach was occupied
continuously over the last 10,000 years, one can expect to uncover burials anytime ground-
disturbing activities occur within 400 in (1,300 ft) of the Columbia River's edge or on upland
areas.

In addition to burial sites, cultural anc archaeological sites representing major Indian
villages, fishing camps, religious areas, and traditional use areas (e.g., areas where plants
with subsistence, medicinal, and ceremonial value were collected) are commonly found along
the Hanford Reach, especially between the 100-B/C Area and 100-F Area. These sites have
special significance to the tribes, and are generally considered as sacred connections to the
past, and important places to preserve for future tribal generations. As the last free flowing
stretch of the Columbia River, cultural and archaeological sites located along the Hanford
Reach are the only remaining sites above water in the entire Columbia River system. This
fact adds additional significance to these sites both to the Native American community and to
the scientific community, who value this information resource potential for learning about
Columbia River human adaptive systems over the past 10,000 years.

There are also historic-archaeological ite related to historic Indian and non-Indian
habitations (e.g., townsites, farmsteads) that are important in understanding the history of
human occupation of the Hanford Site. Thest sites must also be considered during project
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planning. Finally, many of the structures comprising the Hanford Site itself are historic.
Impacts on these structures must be considered as projects are developed and implemented.

For the Hanford Site [00 Area, nos of the operable units have been surface surveyed
for archeological resources. Approximately 140 sites have been found. Several have been
found to be eligible for listing in the Nationil Register: however, the vast majority have yet
to be evaluated. These sites are known becaiuse surface evidence exists. We do not know
where buried sites are located, and there are probably many. Buried sites pose problems
because they are often not discovered until consiruction is underway, at which point work
must stop while the find is evaluated, and mitigation, if required, is completed. The
Operable Unit specific Focused Feasibility S udics (Appendices E, F, and G) describe the
cultural and historic resources known to occur ' ithin the operable unit, and discuss
mitigation measures that may be taken prior o and during remedial actions.

3.3.5 Ecology

3.3.5.1 Hanford Site. In 1968, the Atomic Energy Commission designated 311 km2

(120 mi 2) of the Hanford Site as the Arid Lards Ecology Reserve. During the 1970s, about
130 km 2 (50.2 mi2 ) north of the Columbia Ri' er were leased to the United States Fish and
Wildlife Service for the Saddle Mountain National Wildlife Refuge, and about 200 km2 (77.2
mi2) north and east of the river were leased to the Washington Department of Wildlife for
outdoor recreation. In 1977, the Hanford Site was designated as a National Environmental
Research Park by the United States Energy Research and Development Administration.

The Hanford Site is one of the few large areas of land in the region that has not been
developed for agricultural use. It is unique becau.e the general public's use of the area is
restricted and limited to projects associated with tie nuclear industry. The area in which the
Hanford Site is located is bounded on the north by the Saddle Mountains, on the east by the
Columbia River, and on the south and west by the Yakima River and Rattlesnake Hills,
respectively. The dominant topographical featt res of the Hanford Site include
Rattlesnake Mountain, the Columbia River and associated aquatic habitats, unstabilized sand
dunes near the Columbia River, Gable Mountain and Gable Butte that interrupt the rolling
landscape of the Hanford Site, and the 200 Aret Plateau.

The Columbia River is not only an importait fishery resource, its many islands also
serve as nesting grounds for Canadian Geese anl other waterfowl. All the ponds and ditches
except West Lake are unique to this area because they were created as a result of Hanford
Site activities and attract many animal species, particularly birds, that would not usually be
found here.

Vegetation. The Hanford Site has been classified primarily as a shrub-steppe
grassland (Daubennire 1970) composed of the following plant communities:

e Sagebrush/bluebunch wheatgrass
* Sagebrush/cheatgrass or sagebrush Sandberg's bluegrass
* Sagebrush-bitterbrush/cheatgrass
0 Greasewood/cheatgrass-saltgrass
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S W interfat/S andb erg's bluegras
* Thyme buckwheat/Sandberg s bluegrass
* Cheatgrass-tumblemustard
* Willow or riparian
* Spiny hopsage
* Sand dunes.

Almost 600 species of plants have bet n identified at the Hanford Site (Sackschewsky
et al. 1992). Dominant plants include big sagebrush, rabbitbrush, cheatgrass, tumbleweed,
tumblemustard, and Sandberg's bluegrass. Cheatgrass and tumbleweed, introduced invader
species, thrive at the many disturbed areas oi the Hanford Site. Other important understory
plants include Indian ricegrass, needle-and-thread grass, and sand dropseed.

The dryland areas of the Hanford Site were treeless in the years before land
settlement. However, for several decades bebOre 1943, trees were planted and irrigated on
most of the farms to provide windbreaks and shade. Today those trees that still persist
provide nesting sites for many species of passerines and raptors, and roosting sites for bald
eagles.

Insects. More than 300 species of terrestrial and aquatic insects have been identified
at the Hanford Site (ERDA 1975). GrasshopPers and darkling beetles are among the more
conspicuous groups and, along with other species, are important as food for many wildlife
species. Harvester ants are also very common and have been implicated in the uptake of
radionuclides from waste sites as a result of nound building activities.

Reptiles and Amphibians. TweLve specL-s of amphibians and reptiles are known to
occur on the Hanford Site (Fitzner and Gray 1991). The side-blotched lizard is the most
abundant reptile on site. Short-horned and sagebrush lizards are also common in selected
habitats. The most common snakes are the gopher snake, yellow-bellied racer, and the
western rattlesnake. Striped whipsnakes and lesert night snakes are infrequently observed.
A few species of toads and frogs are located near aquatic habitats.

Birds. Approximately 238 species of bird have been observed at the Hanford Site
(Landeen et al. 1992). The most common paiserine birds include starlings, horned larks,
meadow larks, western kingbirds, rock doves. barn swallows, cliff swallows, black-billed

imagpies, and ravens. The horned lark and w-stern meadowlark are the most common
nesting birds. Game birds on the Hanford Site include the chukar, gray partridge, mourning
dove, ring-necked pheasant, and California qi. il. Sage grouse have not been observed at the
site since the mid-1980s and probably are no onger located on the Hanford Site.

In recent years, the number of nesting ferruginous hawks on site have increased
because of their use of transmission lines as tusting sites. Other raptor species that nest
onsite include the prairie falcon, northern lar ier American kestrel, Swainson's hawk, and
the red-tailed hawk. Burrowing owls, great hirned owls, long-eared owls, short-eared owls,
and barn owls also nest at the site. Other rap or ipecies that have been documented to utilize
the Hanford Site during the winter months nc udc snowy owls, gyrfalcons, merlins, and
rough-legged hawks
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Mammals. Approximately 40 species of mammals have been identified at the
Hanford Site (Downs et al. 1993). The largest mammals at the Hanford Site are the Rocky
Mountain elk and mule deer. The Rocky Mouftain elk are present on the Fitzner-Eberhardt
Arid Land Ecology Reserve. They have growr in number from approximately 6 animals in
1972 to over 200 animals. Elk and deer do well on the Fitzner-Eberhardt Arid Land
Ecology Reserve because of available forage with no competition from domestic livestock,
easy access to drinking water, mild winters, the ability to accommodate extreme summer
temperatures, and hunting is not allowed. Mule deer are found throughout the Hanford Site,
but are more common to riparian sites along the Columbia River and the Fitzner-Eberhardt
Arid Land Ecology Reserve.

Other mammal species common to thy Hanford Site include badgers, coyotes,
blacktail jackrabbits, ground squirrels, pocket mice, pocket gophers, and deer mice. Badgers
are known for their digging capability and have been implicated several times for
encroaching into inactive burial grounds in the 200 Area. Most of the badger excavation
areas result from badgers searching for prey mice and ground squirrels). Coyotes are the
principal Hanford Site predators, consuming such prey as rodents, insects, rabbits, birds,
snakes, and lizards.

The Great Basin pocket mouse is the most abundant small mammal, which thrives in
sandy soils and lives entirely on seeds from native and revegetated plant species. Other
small mammals include the Townsend ground squirrel, western harvest mouse, white-footed
deer mouse, and the grasshopper mouse.

Mammals associated more closely with buildings and facilities include mountain
cottontails, house mice, Norway rats, and some bat species. Seven species of bats have been
observed at the Hanford Site. Mammals such as skunks, raccoons, weasels, porcupines and
bobcats have been observed on a few occasions.

3.3.5.2 100 Area Ecology. The following setionis (Sections 3.3.5.2.1 through 3.3.5.2.4)
discuss the aquatic and terrestrial ecology associatd with the 100 Area based on ecological
information obtained from several Hanford Site publications. The Operable Unit specific
Focused Feasibility Studies (Appendices E, F, and G) describe the ecological resources
within the Operable Unit in more detail.

3.3.5.2.1 Terrestrial Ecology. For the most part the ecological information given for the
Hanford Site is pertinent to the 100 Area with a few exceptions. Cheatgrass is very abundant
because of the past perturbations that have occu-rec.

Flora. The plant communities within tht 10 Area operable units have been broadly
described as riparian, adjacent to the Columbia :ivcr, and as a cheatgrass community, away
from the shoreline (Rogers and Rickard 1977). In a broad sense, this classification is
correct, but finer delineations are possible.

The community changes that can occur over the relatively narrow riparian zone of the
Columbia River are described in Fickeisen et al. (1980) and Brandt et al. (1993). Most of
the remaining area within the 100 Area operable units, beyond this distance from the shore,
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consists of old agricultural fields dominated by cheatgrass and tumblemustard, with scattered
abandoned orchards and a few remnant pockets of big sagebrush and gray rabbitbrush.

Vegetation around 100-B include stands of willow, white mulberries, elms, and
juniper trees. Vegetation around 100-D includcs a large stand of elm trees surrounded by
cheatgrass, sand dropseed, and tumblemustard. Vegetation around 100-F is dominated by
cheatgrass with some rabbitbrush and sagebrush. Vegetation in the 100-H Area includes two
stands of black locust and several large giant w ldrye plants. The shoreline at 100-H is
dominated by reed canarygrass. The rest of the area at 100-li is covered by gray rabbitbrush
and cheatgrass. Vegetation around 100-K is primarily cheatgrass with some stands of
sagebrush and Sandberg's bluegrass.

Fauna. The insects, reptiles, birds, ind mammals in the 100 Area are the same as
those common to the Hanford Site, with a few exceptions. California quail and ring-necked
pheasants are more likely to be found near t ie Columbia River, and several of the mammals
are more likely to be present near water.

The most common mammals in the 1)0 \rea include the mule deer, coyote, Great
Basin pocket mouse, jackrabbit, and cottont uil rabbit. Mule deer use the islands in the
Columbia River as fawning sites. The Colu ribia River and its shoreline support populations
of beaver, muskrat, raccoon, and striped skink.

Common bird species that reside in te 100 Area include the Canadian goose, horned
lark, white-crowned sparrow, common ravei , Aestern neadowlark, starling, rock dove,
great blue heron, cliff swallow, bank swallows, and several species of gulls. Islands in the
river provide nesting for ring billed gulls, California gulls and Forster's terns. Shoreline
trees serve as nesting sites for colonies of great blue herons. The most common waterfowl
species of this area is the Canadian goose. A hich nests on the islands of the Hanford Reach.
Twenty-three other waterfowl species also w tl e Hlanord Reach for resting and feeding.

3.3.5.2.2 Aquatic Ecology. The Columbia River is the dominant aquatic ecosystem and
supports a large and diverse community of plankton, benthic invertebrates, fish and other
communities. Phytoplankton (suspended algne) nclude diatoms, yellow-brown algae, green
algae, blue-green algae, red algae, and dinoflagellates. Periphyton (attached algae) reside on
substrates where there is sufficient light for photosynthesis. Macrophytes such as rushes and
sedges are in slack water areas. Macrophytes (rooted aquatic vegetation) provide food and
shelter for juvenile fish. Zooplankton popuhltiois are generally sparse. Benthic
macroinvertebrates such as caddisflies and midges, are dominant. Other benthic organisms
include limpets, snails, sponges, and erayfisi .

Over 43 species of fish have been do( untnted as located in the Columbia River.
Native fish species of the Hanford Reach me ud chinook salmon, steelhead trout, mountain
whitefish, white sturgeon, and the sandroller Small numbers of other salmon, such as coho
and sockeye, also use the Hanford Reach. Some of the nonnative resident fish of the
Hanford Reach include the smallmouth bass, largemouth bass, and walleye.
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3.3.5.2.3 Species of Concern. There are evral species of plants and animals that have
been designated as species of concern by the state andor federal government that reside in
the 100 Area. These designations may be as a state or federal threatened, endangered,
candidate, monitor or sensitive species. The only two wildlife species that are listed as
threatened or endangered by the federal government are the bald eagle and peregrine falcon.
There are no plant species at the Hanford Site listed as threatened or endangered by the
federal government. A discussion of the plant and animal species of concern in the 100 Area
is included in the following sections.

Flora. There are 12 species on or near the Hanford Site that are listed by the
Washington State Natural Heritage Program 1990) as endangered, threatened, or sensitive
(Sackschewsky et. al. 1992). The two state-endangered and two state-threatened species on
this list are also listed as candidates for federal protection under the Endangered Species Act
of 1973. Of these 12 listed species, the Columbia or persistant sepal yellowcress (Rorippa
colubiae) has been found at many locations along the shoreline of the Columbia River. It is
usually found near the waterline and is submerged during periods of high water. It has been
observed at the Hanford Townsite, Whitebluffs Ferry Landing, 100-D Area, 100-H Area,
and 100-B Area (Sauer and Leder 1985).

Fauna. Several wildlife species have )ee classified as sensitive species by the state
and/or federal government (see Table 3-2). '1 ie American bald eagle and the peregrine
falcon are the only two wildlife species listed as threatened or endangered by the federal
government located on the Hanford Site. The bald eagle resides along the Columbia River
from November to March feeding on dead salmon and waterfowl. Many of the trees near
the reactors along the Columbia River are used by the eagles for perching and roosting. Bald
eagles have not been documented to nest at the Hanford Site; however, nest building
activities by eagles has occurred infrequently. In each case, the eagles have abandoned these
attempts and migrated north. Peregrine falcons use the Hanford Site as a possible resting
area during their spring and fall migration. Peregrine falcons have been observed very
infrequently at the Hanford Site and in the 100 Area.

Several bird species classified as specie, of concern (candidate, sensitive, or monitor)
have been documented as located in the 100 Area. The most important and/or common of
these species include the American white pelican, ;andhill crane, ferruginous hawk,
loggerhead shrike, Swainson's hawk, common loon, golden eagle, burrowing owl, sage
sparrow, western grebe, great blue heron, black-crowned night-heron, osprey, prairie falcon,
long-billed curlew, caspian tern, and Forster's -ern (Stegen 1992).

3.3.5.2.4 Sensitive Environments or Critical Habitats. Sensitive habitats include unique
habitats and those areas that are required by a species to maintain healthy breeding
populations. Two habitat types are especially important relative to the 100 Area. They are
the riparian zone along the Columbia River and those areas of undisturbed shrub-steppe
habitat.

The riparian zones along the Columbia liver are sensitive because they may contain
(1) wetlands and associated plants of concern, (!) wintering bald eagle roosting and perching
areas, (3) Columbia yellowcress, and (4) large tumbers of shorebirds and waterfowl. Some
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of the birds of concern include the American white pelican, great blue heron, sandhill crane,
and black-crowned night-heron. Planted trees, which include Siberian elm, black locust, and
white poplar, are used as nesting sites by northern orioles, robins, black-billed magpies,
northern flicker, Swainson's hawks, red-tailed hawks, and great horned owls.

Undisturbed stands of shrub steppe habitat are especially important for such sensitive
bird species as the loggerhead shrike, burrowing owl, and sage sparrow. Loggerhead shrikes
and sage sparrows nest only in undisturbed sage iteppe habitat (Poole 1992). These areas
are also used as foraging sites by mammalian anc avian predators. Shrub steppe habitat is
classified as a priority habitat by the Washingion Department of Wildlife (1991). Other
habitats, such as sand dunes, could be classifid 8s sensitive habitat because some of these
sites harbor plant species of concern, such as the gray cryptantha.

State and federal wildlife refuges adjacent to the Hanford Site along the north side of
the Columbia River are important areas for w iterfowl and other wildlife as foraging and
resting areas.

3.3.6 Recreation and Aesthetics

The convergence of the Columbia, Snake, and Yakima rivers offers the residents of
the Tri-Cities a variety of recreational opportunities. The Lower Snake River Project
provides boating, camping, and picnicking facilities in nearly a dozen different areas along
the Snake River. The Columbia River also provides ample water recreational activities on
the reservoirs formed by the dams upstream and downstream from the Hanford Reach. The
Hanford Reach is a popular recreational sport fishing area. Anadromous salmonids represent
the majority of the sport fish harvested. Other significant sport catches include white
sturgeon (Acipenser transmontanus), smallmouth bass (Micropterus dolomieu), largemouth
bass (Micropterus salmoides) and walleye (Stizostedion vitreum) (DOE-RL 1990a). Lake
Wallula, formed by McNary Dam, offers a large variety of parks and activities, which
attracted more than 3 million visitors in 1993 (Cushing 1994). Swimming and water skiing
are popular recreational activities as well.

The Columbia Basin is a popular recreational hunting area, where deer, rabbits,
waterfowl, and upland game birds are harvested. However, no hunting is allowed on the
Hanford Site except within the Wahluke Slope Wildlife Area located north of the Columbia
River.

3.3.6.1 Aesthetics and Visual Resources. Land on the Hanford Site is generally flat with
little relief. Rattlesnake Mountain, rising to 1.060 m (3,478 ft) above mean sea level, forms
the western boundary of the Hanford Site, and Gable Mountain and Gable Butte are the
highest land forms on the Hanford Site. The Columbia River, flowing across the northern
part of the site and forming the eastern boun&ry, and the spring-blooming desert flowers
provide visual enjoyment to people. White Bluffs, the steep bluffs above the northern
boundary of the river in this region, are a striking feature of the landscape (Cushing 1994).
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3.3.7 Noise

Studies at the Hanford Site on the propagation of noise have been concerned primarily
with occupational noise at work sites. Environmental noise levels have not been extensively
evaluated because of the remoteness of most Hanford Site activities and isolation from
receptors covered by federal or state statutes.

3.3.7.1 Background Noise Levels at the Hanford Site. Environmental noise
measurements were made in 1981 during site characterization of the Skagit/Hanford Nuclear
Power Plant Site (PSPL 1982. Fifteen sites we!e monitored and noise levels ranged from
30 to 60.5 dBA. The values for isolated areas ranged from 30 to 38.8 dBA. Measurements
taken around the sites where the Washington State Supply System was constructing nuclear
power plants (WNP-1, WNP-2, and WNP-4) ranged from 50.6 to 64 dBA. Measurements
taken along the Columbia River near the intake structures for WNP-2 were 47.7 and 52.1
dBA compared to more remote river noise levels of 45.9 d1BA (measured about 5 km [3 mi]
upstream of the intake structures). Community noise levels in North Richland (3000 Area at
Horn Rapids Road and the By-Pass Highway) were 60.5 dBA (Cushing 1994).

In addition, site characterization studies performed in 1987 included measurements of
background environmental noise levels at five sitcs on the Hanford Site. Noise levels are
expressed as equivalent sound levels for 24 hours (leq-24). Wind was identified as the
prim ary con iutmr to 'ac ground noise level with winds exceeding 19 km/hr (12 mph)
significantly affecting noise levels. Hanford Site background noise levels in undeveloped
areas are described as a mean Leq-24 of 24 tw 36 dBA. Periods of high wind, which
normally occur in the spring, would elevate background noise levels (Cushing 1994).

3.3.7.2 Hanford Site Sound Levels. Most industrial facilities on the Hanford Site are
located far enough away from the boundary that noise levels at the boundary are not
measurable or are barely distinguishable from background noise levels. However, there is
the potential for noise from field activities, such as well drilling activities involving operation
of heavy equipment.

In the interest of protecting Hanford workers and complying with the Occupational
Safety and Health Administration standards foi noise in the workplace, the Hanford
Environmental Health Foundation has monitored noise levels resulting from several routine
operations performed at the Hanford Site. Occupational sources of noise propagated in the
field are summarized in Cushing (1994).

3.3.8 Socioeconomic

The Hanford Site plays a dominant role in the socioeconomics of the Tri-Cities
(Richland, Pasco, and Kennewick) and other parts of Benton and Franklin counties. The
agricultural community also has a significant eifec? on the local economy. Major changes in
Hanford Site activity and employment would potentially affect the Tri-Cities and other areas
of Benton and Franklin counties.
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3.3.8.1 Employment and Income. Two m1ajor sectors are currently the principal driving
forces of the economy in the Tri-Cities: (G) he DOE and its contractors, operating the
Hanford Site; and (2) the agricultural commi mity, including a substantial food-processing
component. Most of the goods and services produced by these sectors are exported outside
the Tri-Cities. In addition to the direct employment and payrolls, these major sectors also
support a large number of jobs in the local conomy through their procurement of equipment,
supplies, and business services. In addition to the Hanford Site operations and agriculture,
other major sources of income come from tcurism and retired persons.

The unemployment rate fluctuates seasonally primarily because of the agricultural
sector. The 1992 average unemployment for the Tri-Cities was 8.5%. Average
unemployment in Benton and Franklin counties :n 1992 was 7.6 and 11.9%, respectively.
The unemployment rate in Franklin County was higher because of the larger agricultural
sector (Washington State Department of Employment Security 1993).

3.3.8.2 Hanford and the Local and State Fconomy. In 1993, Hanford employment
accounted directly for 25% of total nonagricultural employment in Benton and Franklin
counties and slightly more than 0.6% of all nonagricultural statewide jobs. The total wage
payroll for the Hanford Site was estimated at $740,557.781 in 1993, which accounted for an
estimated 45% of the payroll dollars carned n the area (Cushing 1994).

Previous studies have revealed that eash Ianford job supports about 1.2 additional
jobs in the local service sector of Benton and Franklin counties (about 2.2 total jobs) and
about 1.5 additional jobs in the Washington &tau 's service sector (about 2.5 total jobs) (Scott
et al. 1989). Similarly, each dollar of the Hanferd Site income supports about 2.1 dollars of
total local incomes and about 2.4 dollars of t tal statewide incomes. Based on these
multipliers in Benton and Franklin counties, lanford directly or indirectly accounts for more
than 40% of all jobs (Cushing 1994.

3.3.8.3 Demography. Estimates for 1993 piaced population totals for Benton and Franklin
Counties at 122,800 and 41,100, respectively (U S. Department of Commerce 1991). When
compared to the 1990 census data iii which B.nton County had 112,560 residents and
Franklin County's population totaled 37,473, the current population totals reflect the
continued growth occurring in these two cour ties (8.3 and 8.8%, respectively). This growth
reflects the steady increase occurring in eastei n Washington population since 1987, with the
rate of annual change climbing from 0.1 to 2 7% in 1993 (Cushing 1994).

Within each county, the 1993 estimate, diktribute the Tri-Cities population as follows:
Richland 34,080; Kennewick 45 110; and Passo '1,370. The combined population of Benton
City, Prosser, and West Richland totaled I1,000 in 1990. The unincorporated population of
Benton County was 32,610. In Franklin County, incorporated areas other than Pasco have a
total population of 2,890. The unincorporated population of Franklin County was 16,840
(Cushing 1994).

3.3.8.4 Housing. In 1993, nearly 94% of al heusing (of 40,344 total units) in the Tri-
Cities was occupied. Single-unit housing, wh ch represents nearly 58% of the total units, has
a 97% occupancy rate throughout the Tri-Cities. Multiple-unit housing, defined as housing
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with two or more units, has an occupancy r ate of 94 od , a 3% increase since 1990. Pasco has
the lowest occupancy rate, 92%, in all categories of housing; followed by Kennewick with
95%, and Richland with 96%. Representing 9% of the housing unit types, mobile homes
have the lowest occupancy rate, 90% (Cushing 1994).

3.3.9 Transportation

3.3.9.1 Tri-Cities Area. The Tri-Cities se-ve as a regional transportation and distribution
center with major air, land, and river connections. The Tri-Cities have direct rail service,
provided by Burlington Northern and Union Pacific, that connects the area to more than 35
states. The Washington Central Railroad also serves eastern Washington. Union Pacific
operates die largest fleet of refrigerated rail :ars in the United States and is essential to food
processors that ship frozen food from this area. Passenger rail service is provided by
Amtrak, which has a station in Pasco (Cushintg 994).

Docking facilities at the Ports of Bent m, Kennewick, and Pasco are important aspects
of this region's infrastructure. These facilitit s are located on the 525 km (326 mi) long
commercial waterway, which comprises the Inab e and Columbia rivers, that extends from
the Ports of Lewiston-Clarkston in Idaho to the Peep-water ports of Portland, Oregon, and
Vancouver, Washington. The average shippi g time from the Tri-Cities to these deep-water
ports by barge is 36 hours (Evergreen Community Development Association 1986).

Daily air passenger and freight service connect i he area with most major cities
through the Tri-Cities Airport located in Pasco. The airport is served by one national and
two regional commuter airlines. There is a main runway and a minor crosswind runway.
The main runway is 2,350 m (7,700 ft) long i nd 46 m (150 ft) wide, and can accommodate
landings and takeoffs by medium-range commercial aircraft, such as the Boeing 727-200 and
Douglas DC-9. The Tri-Cities Airport handled about 160,844 passengers in 1991, an
increase of approximately 6% from 1990. Projections indicate that the recently expanded
terminal can serve almost 300,000 passengers annually. The Richland and Kennewick
airports serve only private aircraft.

The Tri-Cities are linked to the region )y five major highways. Route 395 joins the
area with Spokane to the northeast. Routes 395 and 240, which cross through the Hanford
Site, connect with Interstate 90 to the north. Route 12 links the region with Yakima to the
northwest, with Lewiston, Idaho to the east, aid Walla Walla to the southeast. The area is
also linked to Interstate 84 to the south, via Interstate 82 and Route 14. Interstate 82 also
connects the area to the Yakima Valley and Interstate 90 in Ellensberg. Routes 240 and 24
traverse the Hanford Site and are maintained br Washington State.

3.3.9.2 Hanford Site. The Hanford Site railr)ad system extends from the west side of
Richland, Washington throughout the Hanford Site The DOE controls the rail access into
the Hanford Site; the agency rail system ties in with the Union Pacific Railroad southeast of
the Richland "Y" area near the U.S. Highway 2 and Route 240 interchange. Burlington
Northern and Union Pacific have priority rights over the DOE rail system between the
Richland "Y" area and the DOE 1100 Area. The DOE tracks serving the Hanford Site are
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installed parallel to the Route 240 bypass around the Richland, Washington urban area (DOE
1986).

The ranford Site Road System incluw es '-07 km (377 mi) of asphalt-paved road.
Most of the Hanford Site roads were constructed in the 1940s as part of the Manhattan
Project and subsequently did not meet currert design criteria for lane width, shoulder width
and slope, horizontal and vertical alignment, and drainage provisions. From 1981 to date,
numerous projects have been completed to rt construct portions of the road system to current
design standards and correct traffic safety problems (DOE-RL 1989).

3.3.9.3 100 Area. Area roads are those roads that provide access within the individual
areas on the Hanford Site. Paved surfaces for parking and walkways are included as part of
the area road category. There are roughly 1)6 km (122 mi) of road and 836,000 m2

(1,000,000 yd2) of paved surfaces within the combined areas. There are an estimated 19 km
(12 mi) of paved roads in the 100 Area (DO-R L 1989)

3.3.10 Health Care and Human Services

The Tri-Cities have three major hospi als and five minor emergency centers. All
three hospitals offer general medical services and include a 24-hour emergency room, basic
surgical services, intensive care and neonata care (Cushing 1994).

The Tri-Cities offer a broad range of ocial services. State human service offices in
the Tri-Cities include the Job Services of the Employment Security Department; Food Stamp;
the Division of Developmental Disabilities, Financial and Medical Assistance; Child
Protective Service; emergency medical servic-; a senior companion program; and vocational
rehabilitation (Cushing 1994).

3.3.11 Police and Fire Protection

Police protection in Benton and Frank in counties is provided by Benton and Franklin
counties' sheriff departments, local municipal police departments, and the Washington State
Patrol Division headquartered in Kennewick. The Kennewick, Richland, and Pasco
municipal departments maintain the largest stuffs of commissioned officers with 58, 44, and
39, respectively (Cushing 1994).

The Hanford Fire Patrol, including 123 firefighters, is trained to dispose of hazardous
waste and to fight chemical fires. During the 24 hour duty period, five firefighters cover the
1100 Area, seven protect the 301) Area, sever watch the 200 East and 200 West Areas, six
are responsible for the 100 Area, and six covr the 400 Area, which includes the WPPSS
area. To perform their responsibilities, each station has access to a hazardous material
response vehicle that is equipped with chemicdl fire extinguishing equipment, a truck that
carries foam, halon, and Purple-K dry chemical, a mobile air truck that provides air for
gasmasks, and a transport tanker that supplies water to six brush trucks. They have five
ambulances and contact with local hospitals ((usling 1994).
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3.3.12 Utilities

3.3.12.1 Water. The principal source of " atev for the Tri-Cities and the Hanford Site is
the Columbia River. Richland, Pasco, and Kennewick used an average of 44.59 billion liters
(11.78 billion gallons) in 1993. Each city operates its own supply and treatment system.
The Richland Water Supply System gets about 67% of its water from the Columbia River,
approximately 15 to 20% from a well field in North Richland, and the remaining from
groundwater wells. The City of Richland's total usage in 1993 was 24.04 billion liters (6.35
billion gallons). This current usage represents approximately 58% of the maximum supply
capacity. The City of Pasco's total usage in 1993 was 7.50 billion liters (1.98 billion
gallons) of Columbia River water. The Kennewick system gets its water from two wells and
the Columbia River. The Kennewick wells serve as the sole source of water between
November and March and can provide approximately 62% of the total maximum supply of
27.6 billion liters (7.3 billion gallons). Kennewick's total usage in 1993 was 13.02 billion
liters (3.44 billion gallons) (Cushing 1994).

3.3.12.2 Electricity. Electricity in the Tri-Cities is provided by the Benton County Public
Utility District, Benton Rural Electrical Association, Franklin County Public Utility District,
and City of Richland Energy Services Department. All the power that these utilities provide
in the local area is purchased from the Bonneville Power Administration, a federal power
marketing agency. Natural gas, provided by the Cascade Natural Gas Corporation, serves a
small portion-of-residents, with 5;800- residential customers in December 1993 (Cushing
1994).

Electrical power for the Hanford Site s purchased wholesale from the Bonneville
Power Administration. Energy requirements for the Hanford Site during fiscal year 1988
exceeded 550 average megawatts (Cushing 1992). The electrical power supplied by the
Bonneville Power Administration is provided to the 100/200 Areas, 300 Area, and 400 Area
systems on the Hanford Site (DOE-RL 1989) The City of Richland distributes power to the
700, 1100, and 3000 areas, which constitute approximately 2% of the total Hanford Site
usage (DOE-RL 1993d).

3.3.12.3 100 Area Utilities. The water syst.:ms at the Hanford Site consist of a complex
assortment of pumping, distribution, treatment, and storage facilities. These facilities have
been constructed throughout the Hanford Site ant use a variety of raw water sources to meet
demand. The largest quantities of raw water are supplied through the Export Water System
from the Columbia River.

The original Export Water System was deigned to supply raw river water to 100-B,
100-D, 100-F, and 100-H Area reactor operations in addition to the 200 Area. This system
was reconfigured to furnish water to the 200 Area when the production reactors were shut
down. The primary pumping plant in this system, rated at 124,900 liters (33,000 gallons)
per minute for its electric pumps and 45,420 liters (12,000 gallons) per minute for its diesel
pumps, is located at 100-B. The backup pumning plant, which can supply 90,850 liters
(24,000 gallons) per minute from electric pumps, is located at 100-D. The daily pumping
averages are 72 million liters (19 million gallons) (DOE-RL 1989).
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Because the 100-K Area was not sup )orted by the original Export Water System,
separate water systems were designed and constructed to supply water to operate the 105-KE
and 105-KW Reactors and support facilities. Two systems pumped water from the Columbia
River through filter plants and clearwells to the individual facilities within the 100-K Area.
Each system consisted of six 37,850 liters (10,000 gallons) per minute submersible pumps,
six 121,100 liters (32,000 gallons) per minure v-rtical pumps, two 34 million liters (9 million
gallon) clearwells, and two 15,750 liters (4, [60 gallons) per minute sanitary water service
pumps. The 100-KW system and the emergency water pump house are no longer operating
and are in excess status. Less than 10% of 'he 100-KE system capacity is in operation to
supply current 100-K Area activities (DOE-RL 1989).

Power to the 100/200 Areas electrica system is provided by the Bonneville Power
Administration Midway Substation at the nor thwest site boundary, and a transmission line
from the Bonneville Power Administration A she Substation in the southeast portion of the
Hanford Site. The 100/200 Areas electrical system consists of approximately 81 km (50 mi)
of 230-kV transmission lines, six primary suistations, 217 km (135 mi) of 13.8-kV
distribution lines, and 124 secondary substations 'The 100/200 Areas transmission and
distribution systems, as with the Bonneville Power Administration source lines, have
redundant routings to ensure electrical servic; to individual areas and designated facilities
within those areas. The total 100/200 Areas substation transformer capacity is 195
megawatts. Each primary substation has at Least twice the transformer capacity of the peak
demand to enable handling the entire load on a single transformer under emergency
conditions (DOE-RL 1989).
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General Group Characteristics (a)

Waste Site Extent of Contamination Maximum Are Reduced
Group T Media/ Refined Concentration Infiltration

Volume Length Width Area Thickness Material COPC Detected Concentrations

) (M) (m) Exceeded?

RetentionBasins 260,414 210.3 101.5 21345.0 12.2 Soil Radionuclides
Concrete "C 429 NO
Steel "C, 3250 NO
Sludge *Co 4390 NO

'-Eu 29600 NO
Eu 9940 NO

9.4 NO
pu 340 NO

kSr 770 NO
-Th 4.4 NO

Inor2anics iku
Arsenic 47 YES
Cadmium 1.2 NO
Chromium VI 609 YES

ta )64 NO

Sludge Trenches 2316.0 38.1 15.2 572 40 YdA2  R assumed Irom NO
C retention basin data NO

"Cs NO
sCo NO
"Eu NO

E,, No
-Nu NO23 4 p.u NO

NO
""Th NO

Inorganics
Arsenic YES
Cadmium NO
Chromium VI YES
Lead NO



General Group Characteristics (a)

Waste Site Extent of Contamination I Maximum Are Reduced
Group Media/ Refined Concentration Infiltration

1 1Vlumc egta Width Area Thickness Material COPC Detected Concentrations

(m3) ) (m) (n) (in) Exceeded?

Fuel Storage basin 4409.0 43.3 6.7 290.0 15.2 Soil Radionuclides pCi/g
Trenches mCs 23.7 NO

"Eu 9.72 NO
"""P, 8.30 NO
"5 Ra 42.8 YES

inorganics ncg/kg
Cadmium 1.0 NO
Chromium VT 108 YES
Lead 51.9 NO

Process Effluent 31441 n I69. 3?.6 5535.C 5.8 Sol! Radionucthaes pCig
Trenches "Cs 830.0 NO

"Eu 530 NO
P" 14 NO

norganics m
Chromium v i 186 YES

Pluto Cubs 14.4 3.1 3.1 9.6 1.5 Soil Radionuclides pCi/g
Timbers "Ra 13 YES

Dummy 3.1 1.2 1 i.2 1.1 27 Soil Radionuclides C

Decontamination (dia.) (dia.) Steel '"Cs 208 NO
Cribs/French Drains "Co 268 NO

"Eu 420 NO
c"Eu 45.4 NO
Z*Pu 8.60 NO

Seal Pit Cribs 0.0 0.0 0.0 0.0 0.0 NA None NA NA
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General Group Characteristics (a)

Extent of Contamination Maximum Are Reduced
Waste Site_ Media/ Refined Concentration InfiltrationGroup T M2 IVolume Length Width Area (m2 ) Thickness Material COPC Detected Concentrations

(m__ _ _ (m) (in) (m) Exceeded?
Pipelines 302973.0 6533.0 varies varies varies Soil Radionuclides pCi/

Steel "'Cs 111,000 NO
Concrete MCo 2,810 NO

'mEu 16,800 NO
IEu 3,410 NO
...sE, 9,420 NO
"Ni 61,800 NO
"'Pu 141 NO

"P.N 2,800 YES(b)
_Sr 2,040 NO

Burial 4564.0 57.9 18. 1059 6.1 Misc. SolidWaste Radionclides (c) NO: assume thattme
Grounds "C burial grounds contain

"'Cs immobile forms of waste
"Co

"Eu
'H
"Ni
"Sr

inorganicsI i I Icadensum
Lead
Mercury

OrganicS
no specifiC constiotents
identified, but 5% of
volume is assumed to be
contaminated by orgartics

Decontaminated/Decom 0.0 0.0 0.0 0.0 0.0 NA None NA NA
missioned Facilities

(b)
(c)
NA =
COPC =

PRG =

roupsconcarauuped hnpsuonsaure uased on a rep--e. e ' n , ooc,,ua cncr arc compiaton or we maximum concentonaoecteo ior each costituent
above PRG for all sites within tho: 100-BC-i, 100-HRk-1 and 100-DR-i Operable Unit interim remedial measure candidate sites.
This level is representative of only that waste which is in the pipeline and is not considered a potential impact to groundwater
No quantitative data is available. Cosituents are assumed from Miller and Walden 1987.
Not Applicablc
con(mant of Potential concern
preliminary remediation goals

C)

C

'C

1'

U

'5s. -s

(a)



SPECIES FEDERAL STATE

COMMON NAME / SCIENTIFIC E T C, C, C, E T S C M

BIRDS

Peregrine falcon* (Falco nereerinus) X X

Bald eagle (Haliaeetus leucocephalus) X X

Aleutian Canada goose* (Branta canadensis leuconareia) X X

American white pelican (Pelecanus erythrorhynchos) x

Sandhill crane (Grus canadensis) x

Ferruginous hawk (Buteo regahs X X

Western Sage grouse (Centrocercus urophasianus) X X

Loggerhead shrike (Lanius ludovicianus) X X

Black tern (Chhdomas niger) X X

Swamson s hawk (Buteo swainsonx X X

iNorern gosnawk Accipniter eniuns) X X

Common loon (Gavia immer) X

Golden eagle (Aquila chrvsaetesx X

Flammulated owl- (Ots flamnenlus) X

Sage thrasher (Oreoscoptes montanus) X

Sage sparrow (Anmphisniza belli) X

Trumpeter swan* (Cygnus columbianus) X

00

0
0
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SPECIES FEDERAL STATE

COMMON NAME / SCIENTIFIC E T C, C2  C, E T S C M

BIRDS (continued)

Lewis' woodpecker* (Melaneroes lewis) x

Western bluebird* (Sialia mexicana) X

Horned grebe (Edices auritus) X

Red-necked grebe* (Podiceps grisegena) X

Western grebe (Aechmoohorus occidentalis) X 1

Clark's grebe (Aefhmophorns clarkii) X

Great blue heron (Aden herodias) X

Great egret (Casmerodius aLus) X

BIack-ci>wncd night heron (Nycticorax nvcticorax) C

I UCxy vulture- (Gathartes aura)

Osry Pu i alal i s ets X

Merlin (Falco colunbarius) X
Gvrialcon* (Falco mrsticolus), X

Prairie falcon (Falco mexicanus) X

Black-necked stilt* (-imantopus mexicanus) x
Long-billed curlew (Numenius americanus) X X

Arctic tern* (Sterna naradisaca) X

Caspian tern (Sera casnia) X
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SPECIES FEDERAl STATE
COMMON NAME /SCIENTIFIC E T C, C2  C, E T S C M

BIRDS (continued)

Burrowing owl (Atbene rnicularia) X X

Forster's tern (Sterna forsteri) X

Snowy owl (Nyctea scandiaca) X -

Barred owl* x ria) X

Ash-throated flycatcher (Myjarchus cinerascens)-----------------X-----------------
Grasshopper sparrow (Ammodramus savannarmm) X.

Lesser goldfinch* (Carduelis psaltria) X

REPTILES AND AMPHIBIANS

Striped wiupsnake (Masicohis taematus) F
Northern sagebrush lizard (Scelovonis 2raciosus) X

wooanouse s toad (bulo woodhouseil x
Night snake (Hypsiglena torquata) X

INVERTEBRATES

Shortfaced lanx (Fisherola nuttalli) X X Ci

Columbia pebble snail (Fluminicola columbianus) X X

o

LA

C
CD

ON



SPECIES FEDERAL STATE

COMMON NAME / SCIENTIFIC ETT C, C2  C3  E T S C M

FISH

Mountain sucker (Catosromus platvrhynchus X

Sand roller (Percopsis transmontana) X
Piute sculpin (Cottus beldinUi) X

Pacific lamprey (Lampetra tridentata) X
Reticulate sculpin (Cottus pernlexus) X

MAMMALS

Pygmy rabbitA (Bahlgsiaoni)XX

Northern grasshopper mouse (Onychomys leucocaster) x

Sagebrush vole (Lauurus curtatus) X

Merriam's shrew (Sorex merrinmi) X

Pallid bat (Antrozus Balidus) X

Pacific western big-eared bat (Plecotus townsendii) X

Small-looted myous (Myotss diiolabruml XXI

Long-eared m1yous (Myotis evotis) x x

F-.gcd myct01 (Motis thsanods) [ s-

Long-legged myotis (Myotis volans) z.X
Yuma myotis (Myotis Yumanensis) X

Federal listings as of Nov. 15, 1994 and State listings as of April, 1994 Washington Dept. of Wildlife.

Federal
E Federal Endangered. A species in danger of extinction throughout all or a significant ortion of its range.
T Federal Threatened. A species that is likely to become endangered in the foreseeable hture.
C, Candidate taxa for which enough substantive information is available to support listing as threatened or endangered by the federal government.
C2 Candidate taxa for which there is evidence of vulnerability, but not enough data to support listin proposals at this time.
C, Taxa that were once considered for listing as threatened or endangered, but are no longer candidates for listing.

State

E
T
S
C
M

Endangered. Species in danger of becoming extinct in the near future if factors contributing to their decline continue.
Threatened. Species that are likely to become endangered in the near future if factors contributing to their population decline or habitat degradation continue.
Sensitive. Species that are vulnerable or declining, and could become endangered or threatened without active management or removal of threats.
Candidate. Wildlife species native to Washington State that the Department of Wildlife will review for possible listing as endangered, threatened, or sensitive.
Monitored. Wildlife species native to Washington State that are of special interest because: (1) they were at one time classified as endangered, threatened, or
sensitive: (2) they require habitat that has limited availability during some portion of their life cycle; (3) they are indicators of environmental quality; (4) further
field investigations are required to determine their population status; (5) there are unresolved taxonomic problems that may bear upon their status classification; (6)
they may be competing with and impacting other species of concern; or (7) they have significant popular appeal.
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4.0 DETAILED DESCRIPTION OF ALTERNATIVES

General response actions and Remedial Alternatives initially identified in DOE-RL
(1993a) are discussed in_ detail in this -sectio l - According to the scope of this Process
Document, only those alternatives applicable to source media (i.e., soil and solid waste) are
considered. Specific technologies and process options that are components of the alternatives
considered in this Process Document are presented in Section 4. 1. Alternative descriptions,
associated applicability criteria, and appropriate alternative enhancements are presented in
Section 4.2.

4.1 DESCRIPTION OF TECHNOLOGIES AND TREATABILITY STUDIES

Technologies presented in this secl io i ar: described below.

Technologies as originally preposed in DOE-RL (1993a) are presented or
modified based on standards of piactice and applicability. Details are provided
regarding implementation of the technology, its application limitations, and any
changes imposed by the waste site groupings.

* Treatability studies (or similar applications) are presented to demonstrate how
the technology is implemented, I addition to the technologies a discussion of
innovative technology progranis is presented in Section 4.1.7. The innovative
technologies are in developmeit and demonstration stages.

4.1.1 Institutional Controls

Institutional control technologies retainied from DOE-RL (1993a) include groundwater
surveillance monitoring and surface access restrictions. Access restrictions include deed
restrictions and fencing. The following sections provide a discussion on each technology.

4.1.1.1 Groundwater Surveillance Monitoring. Groundwater surveillance monitoring will
be performed at sites where contamination is left in place above the preliminary remediation
goals; for example., if a surface barrier is selected as the primary remedial response and
wastes are left in place. Groundwater monitoring is required in this case to evaluate the
long-term effectiveness of the action. Also, because the remedial action selected as a result
of this Process Document and the associated 7ocused Feasibility Study will be an interim
action, groundwater monitoring will provide data for additional evaluation of the action
before selecting a final action. The present nrtwork of groundwater monitoring wells is
considered adequate for assessing potential groundwater impacts following interim action.
However, site-specific hydrogeology and remdial action cesign activities should be used to
reassess this assumption during implementaticin or remedial actions.

Monitoring potential pathways and impact; to groundwater from source operable units
requires coordination with monitoring progrars (urrently being performed for the
groundwater operable units. Vadose zone contaminants considered to have potential impact
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on groundwater must be included in the groutdwater monitoring program. A complete
groundwater surveillance monitoring program, including all contaminants left in place, will
be performed as soon as remediation at the waste site or operable unit is complete. The
implementation of a complete groundwater surveillance program requires an assessment to
evaluate the combined groundwater/vadose zone iydrologic system and define current and
future probable impacts to groundwater.

4.1.1.2 Deed Restrictions. Deed restrictions are legal specifications for land use. Typical
deed restrictions include a ban on activities that may bring humans in contact with
contaminants. Deed restrictions may include (1) provisions that prevent the use of
groundwater, (2) requirements for approval oj excavations beyond a specified depth, or
(3) limitations on land use by prohibiting acti ities such as grazing, farming, and extended
camping. Successful implementation of deed restrictions requires administrative resources
and visual monitoring. Placing "Keep Out" signs may help ensure compliance. Deed
restrictions are required for areas where contamination is above preliminary remediation
goals.

4.1.1.3 Fencing. "Fencing" is a physical barrier around a contaminated area that limits
public access. A fence is easy to construct, b it jP cannot prevent animal intrusions. In the
long term, fencing would reduce but not prevent luman trespassing.

4.1.2 Removal

4.1.2.1 Description. Removal technologies l avolve excavation of contaminated materials,
demolition of contaminated structures, and processing of materials to allow for proper
treatment and/or disposal. Removal provides ull implementation of the observational
approach for remediation of the site. To be effective and safe, removal technologies must
include real time analytical field screening, dust control, efficient transportation, and
disposal. Removal technologies have previously been explored for use in the 100 Area on a
large scale (WHC 1991a) and on a small scale (DOE-RIL 1994b). The removal technologies
described here are based on the assumption th;t the contaminated material is low activity
waste (WHC 1991b). High-activity wastes, if encountered, would be remotely handled,
shielded, and transported to a secure area. These high-activity wastes would then be
disposed of according to the Hanford Site Solid Waste Acceptance Criteria (WHC 1993a).

The contaminated waste removal process, s applied to the 100 Area, involves the
following steps (WHC 1993b):

* Remove and stockpile topsoil (if possible) and clean overburden, where
present, to expose the contaminated material

* Excavate to remove contaminated media

* Demolish contaminated structure; as part of or concurrent with the excavation

* Implement dust control measures and real time analytical field screening
during excavation

4-2
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0 Support nearby structures af ected by excavation (where necessary)

a Process materials removed (processing with equipment other than excavation
equipment is discussed as a separate technology)

6 Transport wastes to a dispos, I facility

a Reclaim the site with vegetat on and soil

* Control erosion

* Protect cultural and natural resources.

Excavation will be performed using .onventional equipment and methods. Excavation
equipment may include excavators (backhoes), bulldozers, and wheeled loaders. Excavators
with grappling attachments will be used to remove and process concrete, steel structures, and
pipelines.

Retention Basin Sites will be remediated by first removing basin fill material with an
excavator. Exposed concrete basin walls wil be demolished using an excavator equipped
with either a hydraulic hammer or a pulverizer attachment. Steel basin walls will be cut with
a shear-equipped excavator. Demolished materials will be loaded into haul trucks with an
excavator using both bucket and grapple attachments. Excavation of contaminated soil then
proceeds in lifts using the excavator, bulldozer, and loader (Figure 4-1). This part of the
excavation is guided by in situ analytical field screening, which delineates the zone of
contaminated material with real time instruments. These excavations should be spacious,
requiring the equipment to work within the ecavation. Haul trucks, loaded in the
excavation, will use ramps to enter and exit the site. Clean material will be stockpiled
nearby the excavation for later use in reclamation of the site.

Liquid Disposal Trench Sites will be remediated by first removing any clean
overburden with a bulldozer and a loader. Excavation of contaminated soil then proceeds in
the same manner as-the reintion basin sites (Figure 4-1).

Buried Pipelines are located between t[e outfall structures and the reactor building, as
discussed in Section 3.1.3. The effluent pipelines will be remediated by first removing any
clean overburden with a bulldozer and loader Material will then be removed from either
side of the pipeline with the excavator. Working from the top and side of the excavation, an
excavator with a shear attachment will be used to cut the pipe. Using a grapple attachment,
sections of the pipe are then removed from the excavation (Figure 4-2). The excavator then
continues to remove any contaminated soil. Ramp access to the bottom of the excavation is
maintained allowing in situ monitoring Removed sections of pipe are processed at the
surface using an excavator with pulverizer or ihear/densitier attachments. Processed pipe
material is then loaded into haul trucks with a grapple.

4.3
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Crib and French Drain Sites will be temoved only with an excavator working from
the surface (Figure 4-3). If the extent of contamination is beyond the reach of the excavator
arm, the site is benched and access is provided io the bench.

Burial Ground Sites will be remediated by first removing clean overburden with a
bulldozer and loader. Buried waste is then removed by the excavator with either the bucket
or grapple attachment (Figure 4-4). Removed oversize objects are reduced in size at the
surface by shear or densifier attachments: if size reduction is not necessary, they are shipped
to the disposal site intact.

Decontaminated and Decommissioned Facilities will be remediated by first removing
overburden and surrounding soil using an excavator with a bucket attachment. Demolition
attachments, such as pulverizers or shears, will be used to demolish the remaining structures.
Demolished material is loaded into haul trucks with the excavator using a grapple attachment.
The demolished material may either be disposed or decontaminated and recycled, as
applicable. Contaminated soil beneath the structure is removed in lifts using the excavator
with a bucket.

Proper dust control is essential during excavation because operations may generate
fugitive dust. Dust control measures will be performed to reduce the spread of
contamination by entrainment of fugitive dust, minimize the impacts on local air quality, and
minimize the exposure to onsite personnel. Water sprays are the primary means for
controlling fugitive dust. Water is applied to an excavation area at approximately 1 gal/yd2

(EPA 1985). Water is supplied to the excavation site by water trucks or local hydrants.
Crusting agents may be applied to excavation areas before short-term work breaks. Access
ramps and haul roads will also require dust suppression. Haul roads will be constructed and
maintained using soil cementing agents.

Real time analytical field screening to Jefine the extent of contamination during
excavation is an integral part of removal in the observational approach. This eliminates the
need for a detailed description on the extent of contamination before remediation. Such field
screening requires the use of sophisticated detection equipment for in situ use and the use of
onsite laboratories performing quick turn around radionuclide, inorganic, and organic
analyses. Monitoring instruments include sodurn iodide and hyperpure germanium gamma
detectors for radionuclides, photoionization or flame-ionization detectors for volative organic
carbon, x-ray fluorescence for metals, and high-volume samplers for respirable dust.

Support of nearby structures may be requi ed if the amount of excavation
compromises the foundation or stability of the structure. Such support requires excavation
bracing. Applicable systems include soldier beams with horizontal timber sheeting and
tiebacks. Additional measures will be required if contaminants extend beyond the boundaries
of these structures.

Safe and efficient transport will be requircd if the contaminated soils are disposed at
the Hanford Site (Section 4.1.6). Soil transpoi t techniques have been developed, as
demonstrated at the DOE Uranium Mill Tailings Remedial Action site. It is expected that

4 4
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the transport container and its lid will require a project-specific design, but that such
development will not be excessive. A plausible concept to transport soils is as follows:

0 The soils will be transported by truck using industrial containers located at the
excavation

* The loaded soil is wetted befo e bing transported to a local (central to the
area being worked) facility

* The containers will be inspecttd and then covered with a tight fitting lid

* The exterior of the truck and c ontiiner will be washed

* The truck then hauls the soil to the disposal facility.

4.1.2.2 Treatability Study. An excavation treatability study has recently been completed
on 116-F-4 (DOE-RL 1994b) pluto crib site. Another excavation treatability study at the
118-B-1 burial ground was completed during the summer of 1994 (DOE-RL 1994c).

4.1.2.2.1 116-F-4 Pluto Crib Excavation. Tihn purpose of the I16-F-4 excavation test was
to provide design data, document the excavat on costs, demonstrate the field analytical
methods, and evaluate various dust control m-asures. The test included the following
elements:

* A preliminary site characteriza ion and waste site location

* An excavation of the waste sitt and associated contamination

* The segregation and stockpilint of excavation spoil

* A radiological screening and comparison of in situ measurements with
laboratory analysis

* Effective dust control rneasure in the area of excavation, on roadways, and on
stockpiles

* Final site reclamation.

Typical of many of the waste sites in ihe 100 Area. workers planning and conducting
the excavation were unable to locate construciion records for the 116-F-4 pluto crib. One
borehole was completed near the crib riser pipe as part of the limited field investigation for
the 100-FR-1 Operable Unit. A ground peneirating radar survey and a cone penetrometer
investigation were conducted to determine crit coordinates and the limits of contamination.
The ground penetrating radar survey was mostly unsuccessful because of the presence of fly
ash on the surface. The cone penetrometer investigation consisted of pushing holes at
16 locations. The cone penetrometer was equipped with a sodium iodide gamma detector to
provide gross gamma radiation measurements The cone penetrometer typically met refusal
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in the 2.1 to 3 m (7 to 10 ft) interval, but proved to be an effective tool when penetration
was possible. In the zones penetrated, the area of highest contamination was determined and
the contaminant plume delineated laterally. Depth of contamination could not be determined
because of refusal.

The excavation was performed using a CAT 245-B backhoe with a 2.2 m3 (3 yd')
bucket attachment proceeding in 6-m (2-ft) e(cavation lifts. Standard construction techniques
provided a 1.5 horizontal to 1 vertical side s ope for the planned 7.6-m (25-ft) depth of the
excavation. Before each lift the excavated area was surveyed for radiation and the limit of
the contaminated material described. Uncomaminated areas of the underlying lift were then
excavated followed by the contaminated materials. Contaminated material was placed in an
engineered onsite storage facility (Terra-stor). At the ninth lift, radiation was just above
spectral background limits in a small area adjacent to the vadose borehole. The remaining
contaminated material was excavated with the backhoe. Excavation began on September 20,
1993, and concluded on November 24, 1993 The typical work crew was between 11 and
20 workers. The normal work schedule was from 0700 to 1600 hours 5 days a week.
Approximately 5.25 productive hours were realized each day. A total of approximately
3,440 in 3 (4,500 yd3) was removed, of which 382 in 3 (500 yd3 ) was designated contaminated.
Excavation rates varied from 23 to 68 m3/hr (30 to 90 yd3 /hr) during the operation of the
excavation equipment, excluding field screen ng durations (DOE-RL 1994b).

in situ radionuclide concentrations were measured by a detection cart specially
designed and constructed for in situ monitoring. The cart was equipped with five detectors:
two thallium doped sodium iodide detectors, i hyperpure germanium detector, a prototype
scintillation fiber optic beta detector, and a p astic scintillating beta detector. The cart was
lowered into the excavation by a crane and n oved from point to point by hand or crane.
Samples were sent for laboratory analysis For comparison purposes. Each lift was screened
and sampled at 16 points forming a 6.1 by 6.1 in (20 by 20 ft) grid. Small volume soil
samples were taken at three locations on each lift for comparison. The small volume
samples included only sand; however, approximately 75 to 85% of the soil was cobble size.
As a result, a few 8-gallon samples were takcn for segmented gamma scanning analysis. In
situ measurements were adjusted for the weigit percent of sand fraction to compare the
laboratory results sand fraction analyses. Su h corrections were only partially successful
because contamination fixed on the cobbles was different than concentrations on the sand.
All measurement locations were also surveyed with standard health physics instrumentation
(zinc sulfide scintillation and Geiger-Muller d tectors). Work with the cart took from 1 to
2 days to complete for each lift. This was pr marily due to the time required to process
detector data. The in situ detection equipment was successful at the action levels used in
delineating the extent of strontium-90 and cesrum- 137 within the 6.1 by 6.1 m (20 by 20 ft)
sampling grid.

In addition to radiological field measuiements, screening was also performed for
chemical constituents. Four samples from lift five were screened for heavy metals and
hexavalent chromium. A portable x-ray fluor sccnt analyzer was used to check for
concentrations of heavy metals. A water extraction and calorimetric determination was used
to screen for hexavalent chromium. No evidence of heavy metals or hexavalent chromium
was found im any of the samples.
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During the excavation, the four type ot dust control tests conducted were no control,
control with water only, control with water and additives, and control with crusting agents.
Two surfactants and four crusting agents were used. Low volume air samplers, personal air
samplers, and real-time air monitors were used to help quantify dust generation. Evaluation
of crusting agents were qualitative. Water was applied with hoses attached to a fire hydrant
located nearby. Mixtures were applied with the use of a fugitive dust control unit obtained
from Idaho National Engineering Laboratory. A thermoplastic adjustable fog nozzle was
used for most applications. Water spray alone controlled dust adequately. Lignosite was the
best "all-purpose" crusting agent while Road Oyl was the best product for high traffic areas.
The surfactants were not used frequently enough to adequately assess their performance
(DOE-RL 1994b).

Site restoration activities were initiated once dust control tests were completed.
Restoration activities included surveying the former location of the crib and final lift depth,
backfill of the excavation to grade level, demobilizing equipment and supplies, and final
cover installation on the Terra-stor. A 11.5 in3 (15 yd') truck and a front end loader were
used to place and compact fill in 0.46 m (18 in. i lifts. A 7.6 m3 (10 yd') truck supplied
material to the excavation during restoration activities. The average fill production rate was
160 m3 (210 yd 3) per hour.

4.1.2.2.2 118-B-1 Burial Ground Excavation. The excavation test being conducted at the
118-B-1 burial ground was initiated in August ol 1994 (DOE-RL 1994c). The test objectives
included testing different excavation methods, test sorting of waste material, and test
screening of waste material based on preliminar) waste acceptance criteria.

The test is expected to be complete b) March 1995. The test report is scheduled to
be sent to the regulators for review in May o 1995. The information below is preliminary.
Data will be analyzed and summarized in a rrport scheduled for May.

To date, three different trenches have )een excavated, with approximately 1,200 cubic
yards of waste removed. Waste materials art mixed well with soil and cobble. In general,
the soil/waste ratio is 60-80/40-20% by volume. Radiation levels varied a great deal with
each trench but were generally lower than expectcd. Very little soft waste has been found.
Some hazardous waste (i.e., lead and oils) have been recovered, though the volume of this
material is less than 1% of the total volume ecavated. Sorting tests were conducted on the
second and third trenches. Sorting by mechanical means was not possible, so sorting is
being done by hand.

4.1.3 In Situ Containment

In situ waste containment actions include physical measures to restrict the migration
of contaminants from in-place wastes. Containment technologies include waste site isolation
using surface barriers and surface water management.

A number of barrier types have been proposed for various applications at the Hanford
Site. Existing short-term barrier designs (RCRA caps), recommended by the
U.S. Environmental Protection Agency, are currently available, but are not considered
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further in this study for the following reasois. In general, the design life of these caps is for
relatively short periods (around 30 years). lowever, the containment of radioactive wastes
at the Hanford Site will require that wastes ic isolated for much longer periods. In addition,
the literature reports several failures for RCRA caps (Daniel 1994). The main problems with
standard RCRA caps have been desiccation- or settlement-induced cracking of the low-
permeability compacted clay layer.

Since 1985, the Hanford Site Barrier Development Program has been developing a
long-term surface barrier that can function for a minimum of 1,000 years. This long-term
barrier is commonly called the Hanford Bari ier. For more than 9 years, field tests,
experiments, lysimeter studies, computer sinulation models, and analog studies have been
conducted to determine the performance of ' arious barrier components. These activities
have provided a defensible foundation upon vhi::h barrier designs can be based.

A full-scale prototype barrier was coiistricted in 1994. This prototype barrier
required that each component of the barrier 1e brought together into an integrated system.
(Myers and Duranceau 1994).

In addition to the Hanford Barrier, a graded-barrier approach also is being considered
for use on the Hanford Site. The approach would develop a suite of cost-effective, risk-
based barriers that could be used in the remediation of various waste management situations.
Much of the work conducted by the Hanford Site Barrier Development Program to develop
of the Hanford Barrier can be used to develop graded-barrier designs. An understanding of
how well the various graded barriers perform is required before determining a particular
barrier's suitability for remediating a waste site based on specific design or cleanup criteria.
Performance data on the various graded barriers currently being considered are not available.
Therefore, this Process Document considers )nly the Hanford Barrier.

4.1.3.1 The Hanford Barrier.

4.1.3.1.1 Description. The performance objectives for the Hanford Barrier are summarized
as follows (Wing 1993):

0 Function in a semiarid-to-subh mid climate

* Limit the recharge of water through the waste to the water table to near-zero
amounts (0.05 cm/yr, which is equivalent o 1.6 x 10' cm/sec)

0 Be maintenance free

* Minimize the likelihood of plant, animal, and human intrusion

* Isolate wastes for a minimum (f 1 000 years

- Minimize erosion-related problb ms

* Meet or exceed Resource Consvrvcrion and Recovery Act of 1976 (RCRA)
performance requirements

4-8
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* Limit the exhalation of noxious gases

* Be acceptable to regulatory and piblic agencies.

The Hanford Barrier uses engineered layers of natural materials to create an
integrated structure with redundant protective features. A variety of natural construction
materials (e.g., fine soil, sand, gravel, riprap, asphalt) have been selected to optimize barrier
performance and longevity. These construct on materials are placed in layers to form an
above-grade mound directly over the waste z me (Figure 4-5). Surface and subsurface
markers, used to inform future generations oi the nature and hazards of the buried wastes,
are being considered for placement around the periphery of the waste sites and within the
barrier itself.

The Hanford Barrier design consists c f a fine-soil layer overlying other layers of
coarser materials (e.g., sands, gravels, and basalt riprap) and a composite asphalt layer.

* Fine-Soil Layers. The uppermost portion of the barrier consists of two, 1-rn
(3-ft)-thick layers of fine soil ttat have been engineered with a gradual slope.
The difference between the two layers is that the upper meter of fine soil has
been mixed with pea gravel. The pea gravel and vegetation growing on the
barrier surface will significantly reduce wind and water erosion.

The fine-soil layers act like a sponge to store any precipitation that does not
run off the barrier. The textural difference between the fine soils and
underlying sand layer creates a capillary barrier that inhibits the downward
percolation of water into the sand layer and other coarser materials below.
Keeping the water in the fine-s il ayers provides time for the processes of
evaporation and plant transpiralion to remove the excess moisture.

* Sand and Gravel Filter Laye s. A graded filter, consisting of a 15-cm
(6-in.)-thick layer of sand and ;0A m (11 -in.)-thick layer of gravel is placed
under the fine-soil layers. This grided filter minimizes the sifting of overlying
fine-textured soils into the pore spaces of the coarser materials below. To
maintain the textural difference between the silt loam and sand layers during
construction, a geotextile is insalhd on the sand layer before placement of the
fine-soil layers.

* Fractured Basalt Riprap Laytr. A 1.5-mn (4.92-ft)-thick layer of fractured
basalt riprap is placed below the giaded filter. The riprap provides structural
stability to the barrier and creates another effective deterrent to inadvertent
human intruders, burrowing animals, and plant roots that may try to penetrate
deeper into the barrier profile.

* Drainage Gravel. A 30-cm (1 i-in.)-thick layer of gravel is placed directly
below the fractured basalt ripra, and on top of the composite asphalt layer.
These gravels serve as a cushion to protect the composite asphalt layer and as
a drainage medium.

'9



DOI /R ,-94-61
zex. 0

Composite Asphalt Layer. The low-permeability asphalt layer is a composite
of two layers of compacted asphaltic concrete, each 7.5 cm (2.95 in.) thick,
overlain by approximately 5 um (0.20 in.) of polymer modified asphalt. If
water reaches this depth, the romposite asphalt layer will function like an
umbrella, diverting the percolating water from the waste zone. The composite
asphalt layer limits the exhalarion of any noxious gases and also serves as an
effective intrusion barrier.

* Gravel Base Course. A 10-( r (3.94)-thick layer of gravel is placed directly
below the composite asphalt lyer to provide a structurally stable medium upon
which the composite asphalt hiyei can be compacted.

* Native Soil Foundation. The na ive soil foundation, or subbase material, is
graded and compacted as nece ssar y to provide a 2% slope that is maintained
throughout all of the overlyin la-ers.

The Hanford Barrier should inhibit the rigration of contaminated materials present at
the waste site. However, final site-specific design would require that additional
investigations be performed to adequately locate and delineate the extent of contamination.

4.1.3.1.2 Treatability Study. In 1994, a 5-ac (2 ha) prototype Hanford barrier was
constructed over the 216-B-57 Crib in the 200-BP-l Operable Unit. This prototype barrier
required that all of the various components of the barrier be brought together into an
integrated system. A constructibility report tumrnarizing the construction of the prototype
barrier is summarized in DOE (1994).

The testing and monitoring of the periormance of the prototype barrier will continue
for at least 3 years (Gee et al. 1993 and DOE 1993a). Because only a limited amount of
time exists to test a prototype barrier that is intended to function for a minimum of
1,000 years, the testing program has been designed to "stress" the prototype so that barrier
performance can be determined within a reasonable time frame. Stressing the prototype can
be accomplished by adding supplemental precipitation (rain and snow) at rates representative
of anticipated future climatic changes.

The prototype barrier is well instrumentec and designed to assess the movement of
moisture within the various layers. The fine-soil layers and other layers of the prototype
barrier are equipped with instruments, such a, water collection basins, pan lysimeters,
neutron probe access tubes, thermometers, and oiher transducers, to monitor the changes in
soil water storage and the movement of water in general.

Initial test results show that, for the Hanford Site's arid climate, a well-designed
capillary barrier limits water drainage througl the barrier to imperceptible amounts.
A subsurface asphalt layer provides additional redundancy. The data collected under extreme
event testing (excess precipitation) are building confidence that the barrier will meet its
performance objectives during the 1,000-year minimum design life.
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4.1.3.2 Surface Water Management. St. rface water management consists of measures to
control the run-on and runoff of surface witer to and from a waste site. Elimination of run-
on to a waste site reduces the potential for infiltration through the barrier to contaminated
materials, and the subsequent spread of cointaninants. Collection of waste site runoff
reduces the spread of contamination via water that has contacted contaminated materials.
Surface water management may not comprise a remediation technology in itself, but is a
necessary addition to many of the Remedia' Alternatives.

Surface water can be controlled by I onstructing drainage channels, toe drains,
culverts, and detention ponds. Control can also be attained by providing positive relief by
redirecting the surface water in the area to be protected. Runoff of surface water that has
been in contact with contaminated materials must be collected, held in detention ponds,
tested, treated (if necessary), and released. Potential for runoff also exists during
transportation. This potential can be eliminated by using covers for the transport containers.

In the 100 Area, surface soils are typically permeable, precipitation tends to infiltrate
quickly, and little runoff occurs. None of tie waste sites being evaluated are in areas
susceptible to inundation or erosion during high precipitation events (Gee 1987).

4.1.4 In Situ Treatment

In situ treatment actions include grout injection. dynamic compaction, and In Situ
Vitrification.

4.1.4.1 Grout Injection. Grouting is ofter used in construction projects to increase shear
strength and density, or decrease the permeability of soil and rock. Grouting is gaining
acceptance for the solidification of buried wastes and as a preconstruction procedure to
eliminate problems that otherwise might occur during the construction phase. The two types
of grout injection considered for use in Remedial Alternatives are void grouting and
vibration-aided grout injection. Void grouting is used to fill large voids, specifically the
effluent pipelines. Vibration-aided grout injection is used to solidify and stabilize buried
solid wastes

4.1.4.1.1 Void Grouting. Factors that mu t be considered when filling large void spaces
with grout are the fluidity of the grout, curirg time, shrink resistance, control of cracking,
compatibility with materials in the void (for -xainple, residual sediments in pipelines),
compatibility of the grout with the walls of xoid cured permeability, and cured strength.
These factors can be controlled by using the orooer mixture of cement, aggregate, and
additives.

Void grouting is generally performed with sand-cement based grouts injected at low
pressures (Navy 1983). Typical sand-cement ratios vary from about 2:1 to 10:1 (loose
volume). Addition of bentonite or fly ash reduces segregation and increases pumpability.
Portland Type I cement is sufficient unless special resistance or strength properties are
required. Type IV cement provides superior curing properties for massive structures.
Substitution of pozzolan for cement increases shrink resistance but decreases strength.
Water-cement ratios vary from about 2:1 to 5:1 by volume. Final compressive strengths
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vary from 100 to 700 lb per square inch (psi). The appropriate grout mix design should be
developed for the types of voids to be fillet.

Selecting the proper grout mixing at d placement system depends on the size of the
grouting project. For small projects grout can be mixed in batches. For large projects a
mobile continuous mixer is used. Sand-cement grout is typically placed using conventional
long stroke slush pumps with large valve openings.

The effluent pipelines will require large volumes of grout. The pipelines can be
accessed from junction boxes. Grouting should begin at the box lowest in elevation and end
with the highest box. The lines are adequately sloped enabling the grout to flow through and
completely fill the void space.

4.1.4.1.2 Vibration-Aided Grout Injectio-i. Vibration-aided grout injection is an in situ
stabilization/solidification technique involvii g the injection of cement grout into a
contaminated zone with simultaneous vibration )f the materials within the zone. This
technology is a combination of vibro-densification and pressure grouting, two well-developed
stabilization technologies. Vibration provides a nonintrusive means for mixing the materials
with the grout. Successful completion provides encapsulation of waste into a monolithic
block that resists leaching or migration of contaminants.

Vibration-aided grout injection is not a commonly applied technology for in situ
treatment of waste materials. However, a sinilar technology using similar equipment is
typically applied in the construction of vibrated beam slurry cutoff walls. The vibrated beam
uses a crane-operated, vibrating driver and cxtractor unit that drives and extracts a wide
flange structural beam. Grout pipes attached to the beam are for injection of a cement
bentonite backfill. In the construction of cuioff walls, the beam is vibrated into the ground
and a low permeability cement mixture is in ected under pressure into the resulting void
when the beam is withdrawn. For enhanced fluidity, the cement mixture can be thinned and
vibration maintained during grouting. For v bro-densification, probes are typically placed at
I to 3 m (3 to 10 ft) intervals. The vibratorv hummer operates at 25 Hertz with vibrations of
I to 2.5 cm (3/8 to I in.) of amplitude (vertical' (Navy 1983). Grout is injected until refusal
pressures are attained (approximately l psi p r toot of depth at the injection point) or grout
returns to the surface. For heterogeneous bi ried waste, the degree of mixing with the grout
may be difficult to control and the grout will generally follow preferential flow pathways. In
addition, if not penetrated by the beam, seal d void spaces, such as closed containers or
metal boxes, may not be grouted.

In situ grouting for stabilization requi es a comprehensive characterization of the
waste matrix to identify contaminants that muy interfere with grout curing and to determine
the number of injection points. The specific grout mixture cannot be specified without site-
specific studies. Chemical grouts are typically best suited for fine-grained materials with
small pores, and cement grouts are best suited for coarse-grained materials. A combination
of grout types may also be used.

In situ grouting can be an effective wwy to immobilize and stabilize contaminated
materials at waste sites. However, the grouting orocess, especially for complex subsurface
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geometries (such as burial grounds), is diffic ilt to assess during implementation. The
effectiveness of in situ grouting can be difficrilt to determine and may require an
investigation before it is implemented. Long ter n effectiveness in immobilizing
radionuclides depends on the ability of the grouted mass to resist degradation. Final
site-specific design of the grouting program will require that additional characterization be
performed to adequately locate and determine the extent of contamination. No opportunity
exists to follow an observational approach to determine the extent of contamination as in
other methods of remediation such as excavation In situ grouting is performed using
equipment that has been developed specifically for the method. Site-specific studies must be
performed to select the proper injection grout mi (ture(s) and determine appropriate locations
of injection points. Used correctly, in situ grouting can reduce exposure risk at the site by
reducing the potential for settlement and immobilizing waste through encapsulation.
Grouting of buried mixed waste was not used as a remedial technology at the DOE's
Savannah River Site (Bullington and Frye-O'Bryant 1993). Evaluations concluded that
grouting would not fill enough voids without -re ting uncontrolled surface cracking and
surface releases of grout contaminated with hazardous and radioactive constituents. Site-
specific characterization in the 100 Area should he completed before implementation, and
treatability studies may be needed to assess tli applicability of in situ grouting at the
Hanford Site.

4.1.4.2 Dynamic Compaction.

4.1.4.2.1 Description. Dynamic compaction is a technique used for in situ consolidation of
soils and buried wastes. This process involves dropping a weight (tamper) from a
predetermined height onto the area to be compacted. The heavy weight dealt to the soil
causes deep densification. This method has been used for about 20 years to compact
foundations for buildings, highways, and airfields. This method has been used to a limited
degree in the hazardous waste industry Successful completion of dynamic compaction
reduces the pore spaces, minimizes groundwater contact, and minimizes potential subsidence
for a subsequent barrier. The performance of compacted material, in regard to moisture
migration potential, is a direct function of the void ratio after compaction, which is in itself a
function of soil particle size distribution.

Procedures for dynamic compaction ha 'e teen established. Spacial distribution and
the time sequence of dropping the weights are critical. Effects on nearby structures, soil and
waste conditions, and characteristics of transmitting impact and vibration energy must be
considered. The cumulative applied energies of the process typically range from 30 to
150 ft-ton/ft2 and may succeed in densifying soil or waste to a depth of 15.2 in (50 ft).

The effectiveness of the dynamic coipiction technique can be determined by
measuring the volume and area of the craters ( reated by dropping the weights in a pre-
planned sequence. The data can be used to calcuvte the increase in density and depth of
influence. Evaluation can also be supported A th standard penetration tests, cone penetration
tests, or geophysical approaches.

The equipment required for the conpac ior technique is a steel or concrete tamper
suspended from a crane. Tampers weigh from 5 to 20 tons and drop heights can be as high
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as to 30.5 in (100 ft). The most efficient tamper weight and drop height can be determined
in a site-specific test program.

4.1.4.2.2 Similar Site. The Mixed Waste Management Facility at the DOE's Savannah
River Site was recently remediated using dyiamic compaction. The waste was sealed and
closed under the weight of an RCRA closure barrier (Bullington and Fry-O'bryant 1993).
The Mixed Waste Management Facility site was a 58-acre burial ground for low-level
radioactive waste. Low-level waste was buried in trenches designed to accept only metal
boxes (designated B-25 boxes) and 208.20-liter 55-gallon) drums. Boxes were stacked no
more than four high and drums were placed between the boxes and the sloped walls of the
trench. The filled trenches were covered with a minimum of 1.2 m (4 ft) of overburden.
Closure of the waste site included dynamically compacting the waste trenches, then placing a
1-m (3-ft) kaolin barrier and a 0.6-in (2-f4) final vegetative layer over the area.

During feasibility evaluations conducted before closure, settlement of the trenches was
expected to occur because of buckling of the B-25 boxes under the weight of the RCRA
closure barrier. Various methods of inducing settlement were considered, including static
surcharging, dynamic compaction, grouting, and construcdion of bridging covers. Dynamic
compaction and surcharging were determinei to be the most effective and practical methods
to reduce further settlement. The dynamic compaction test showed that the crater depth for a
given number of drops increased with the total energy of the drop rather than the energy per
imprint area. A 20-ton weight was selected it a drop height of 12.8 m (42 ft).

The following procedures were follow ed at the Savannah River Site:

e Lampson LDC-350 cranes wer2 obtained and modified specifically for
dynamic compaction. The modifications included replacing two-line hoist with
a single-line hoist to minimize friction losses. A 20-ton tamper, 2.4 m (8 ft)
in diameter, was selected for uLe.

e The soil cover over the burial y round was increased to a thickness of 1.8 m
(6 ft) allowing a maximum crater depth of 1.8 m (6 ft) to be obtained without
exposing buried wastes.

* The surface of each burial trench, typically 6.1 in (20 ft) wide and 6.1 m
(20 ft) long, was subdivided into 3 by 3 i (10 by 10 ft) grid.

* Initially, specifications called fir the tamper to be dropped 20 times from a
height of 12.8 m (42 ft) per grid point or until the maximum crater depth of
1.8 i (6 ft) was reached. Later a drop height test program was conducted and
the drop height increased to 21 to 24 m (70 to 80 ft).

* The tamping pattern included primary drop points in a zig-zag pattern along
the grid followed by secondary Jron points to fill in the remaining grid nodes
(Figure 4-6).
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* An average of 13 drops were required at each drop point to obtain an average
crater depth of 1.7 m (5.56 ft>.

* Resultant craters were backfilled imd compacted using the tamper at a drop
height of 12.8 in (42 ft).

Closure of additional trenches adjaceit W the Mixed Waste Management Facility have
been conducted since the completion of the Mixed Waste Management Facility closure
(Billington and Fry-O'bryant 1993). To perlorm these closures, additional studies were
conducted to address vibrational damage to the Cxisting barrier, waste disposal facilities, and
utilities. These studies concluded that dynamic compaction should not be performed within
15.2 m (50 ft) of the existing barrier. During field testing, the criteria for discontinuing
compaction was changed from the previously used maximum depth to an incremental depth
(6 cm [0.2 ft] for two consecutive drops).

4.1.4.3 In Situ Vitrification.

4.1.4.3.1 Description. In Situ Vitrification is a thermal treatment process that converts soil
and other materials into stable glass or glass- ike crystalline substances. In Situ Vitrification
uses joule heating to transmit electric energy to the soil, heating it, and producing a molten
glass zone that stabilizes the contaminants in place. In Situ Vitrification produces an
extremely durable product that is capable of long-term immobilization of many metals and
radioactive wastes.

The In Situ Vitrification treatment sysrem consists of the electrical power supply, the
offgas hood, an offgas treatment system, a gl,'co cooling system, a process control station,
and offgas support equipment (Freeman 1989 . -he offgas system consists of a gas cooler,
two quench towers, hydrosonic tandem nozzlk sc-ubbers, two heat exchangers, three vane-
separated mist eliminators, two scrub solution tanks, two pumps, a condenser, and high-
efficiency particulate air filters (PNL 1992). With the exception of the offgas hood, all
process components are contained in three trausportable trailers.

In the In Situ Vitrification process, cleztredes are inserted into the soil and a
conductive mixture of flaked graphite and glass frit is usually placed between the electrodes
to act as the starter path for the electrical circ jit. The current of electricity passing through
the electrodes heats the soils and graphite to temperatures of approximately 2,000C
(3,632*F) and melts the soil. The graphite starter path is eventually consumed by oxidation
and the current is transferred to the molten so I (row electrically conductive). As the
vitrified zone grows downward and outward, netals and radionuclides are incorporated into
the melt. Convective currents within the melt mix materials that are present in the soil.
Organics are vaporized and then pyrolyzed as the; pass upward through the melt. When the
electrical current ceases, the molten volume cools and solidifies. A hood placed over the
processing area provides confinement for the tvolved gases, drawing the gases into an offgas
treatment system.

In Situ Vitrification, although still inno ative, has proven to be an effective remedial
technology for the immobilization of inorganic;, the application to a wide variety of
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contaminants (such as organics, metals, and radionuclides), and volume reduction. In Situ
Vitrification is also safer to the public and workers because it avoids excavation, material
handling, and disposal (EPA 1992). Howevcr, specific site characteristics must e
considered to determine the implementability of [n Situ Vitrification. The presence of
excessive moisture or groundwater can limit the economic practicality of In Situ Vitrification
because of the time and energy required to eliminate the water. Soils with low alkaline
content may be unable to effectively carry a Tharge and thereby diminish the applicability of
In Situ Vitrification (EPA 1992). Large quaitities of combustible liquids or solids may
increase the gas production rate beyond the capacity of the offgas system. In addition, the
presence of metals in the soil can result in a conductive path that would lead to electrical
shorting between electrodes. However, this problem can be avoided by innovative electrode
feeding techniques. In Situ Vitrification is currently limited to a maximum depth of 5.8 m
(19 ft) (EPA 1992).

Before using In Situ Vitrification, the location of the contaminants must be verified
and the site prepared. Site preparation includes clearing vegetation, grading, and removal of
uncontaminated overburden by excavation (the cost to excavate uncontaminated material is
much lower than the cost to vitrify). The waste area is divided into vitrification settings
based on an electrode spacing of 4.5 n (14.8 ft). Four electrodes are used at a time at a
width of 7.8 m (25.6 ft) per setting. Therefore, approximately one setting will be needed for
each 56 m2 (602 ft2) of waste area. After the system is prepared, the four electrodes are
simultaneously fed into the soil initiating the nelr. The electrodes are continually fed until
the desired vitrification depth is achieved and the melt is completed. An In Situ Vitrification
processing rate of approximately 4 to 5 tons/hour is anticipated (EPA 1992). Once
solidified, the sunken vitrified area is backfilled to a minimum of I m (3 ft) above the block.
A crane is used to transport the electrode frame and hood to the next setting.

4.1.4.3.2 Treatability Study. Two In Situ Vitrification treatability studies were conducted
at the Hanford Site between 1987 and 1989 to evaluate In Situ Vitrification under site-
specific conditions. Two waste cribs (216-Z-12 and I 16-B-6A) were vitrified to depths of
4.9 and 4.3 m (16 and 14 ft), respectively. ie depth limitation at the 116-B-6A crib area
was believed to be the result of a cobble layer present at 4.3 in (14 ft). This resulted in
preferential lateral growth rather than downward growth. When a large particle size layer is
encountered, a high equilibrium temperature is necessary to achieve the same downward
progression rate (PNL 1992). However, typikally, heterogenous power distributions occur
within the melt; half of the delivered power is held in the upper third of the melt, and power
decreases as the depth increases. This results in a slower melt advance as the melt reaches
an equilibrium, and finally melt advance stops (EPA 1992), Thus, the melt at the 116-3-6A
crib may not have extended much deeper, regardless of the cobble layer.

Although treatability studies have demonstrated possible effectiveness problems
because of depth limitations, the Hanford Site 100 Area includes locations where In Situ
Vitrification may be used. In Situ Vitrification stabilizes radionuclide and metal
contaminated soils it the contaminant material typt, concentrations, and depth are within
process parameter limitations. Equipment developed to implement In Situ Vitrification is not
readily available, nor is the technology commenly applied.
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4.1.5 Ex Situ Treatment and Processing

Ex situ treatment technologies provid treatment following waste removal.
Technologies examined include thermal desorption, cement stabilization, vitrification, soil
washing, and compaction.

4.1.5.1 Thermal Desorption. Thermal desorption is a process that uses indirect low
temperatures to thermally remove volatile organic compounds (VOC) and some semivolatile
organic compounds (SVOC) from contaminated soils, sediments, solids, or sludges. The
process does not use incineration or pyrolysis to treat the contaminants, but instead volatilizes
the organics leaving the processed solids virtually free of organic contaminants.

A thermal desorption system usually includes a rotary kiln with two concentric shells.
The inside shell, or processor, is sealed and iouses the contaminated material. The annular
space between the two shells houses burners that indirectly heat the contents of the processor
while kiln rotation allows for constant mixing and exposure for heat transfer. Depending on
the design, the contaminated soils are heated to between 232 and 5930 C (450 and 1,1000 F) at
residence times ranging from 60 to 300 minutes (Sudnick 1993 and Krukowski 1992). An
inert carrier gas is sometimes used to remove and direct the VOC and particulates from the
processor to the gas treatment system. The treatment system typically consists of heat
exchangers and scrubbers that cool the process stream for the removal of VOC and
particulates. The remaining vapor stream is passed through an abatement system to ensure
regulatory compliance before atmospheric release. The majority of the treated vapor stream
is preheated and recirculated back through the annular space between the shells for reuse in
the desorption process.

Thermal desorption is a process that his been proven effective in removing VOC and
some SVOC from soils and solids. -The process-can-be- more economical than other thermal
processes, such as incineration or pyrolysis, because of the energy savings realized by the
lower operating temperatures. Some factors that may influence operating efficiencies and
costs include waste type, contaminant type, soil moisture content, particle size, and treatment
goals.

Contaminant removal efficiencies vary with each compound and can affect treatment
goals. Thermal desorption may not be effecti/e in treating soils or solids contaminated with
high boiling point SVOC. Fortunately, the SVOC that have been detected in soils and
sediments at the Hanford Site 100 Area have boilmtg points within the operating temperature
ranges previously discussed.

Soil moisture content is another variabl flat can drastically affect efficiency and cost.
Most thermal desorption units operate economically at a soil moisture content of 20%. Soil
containing moisture exceeding this value may equire predrying or dewatering, resulting in
increased costs.

Thermal desorption may be an effective prmcess to treat the limited VOC and SVOC
contamination in soils at the Hanford Site 100 Area. A variety of full-scale systems are
readily available and could be easily inplererted at any of the sites. However, a thermal
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desorption treatability study to support remedy design should be performed before full-scale
operation (DOE-RL 1992b). The treatabilitv study should incorporate an evaluation of
various co-contaminants on the thermal descrption process.

4.1.5.2 Cement Stabilization.

4.1.5.2.1 Description. Cement stabilization involves mixing contaminated material with
cement to reduce leachability and bioavailability. The cement mixture typically consists of
pozzolanic agents such as fly ash or kiln dust and cement. Plasticizers, hardening agents,
and other additives are available to adjust the required physical properties of the final
product. The contaminants do not interact chemically with the solidification agents, but are
mechanically bonded (i.e., encapsulated). Treated waste exists as a solidified mass similar to
concrete with significant unconfined compressive strength.

Cement stabilization is an established tecimology for treatment of wastes and soils
contaminated with inorganic compounds and radionuclides. A typical cement stabilization
process involves the following steps:

e Contaminated materials are scieened to remove oversized material

* Contaminated materials are introduced to a batch mixer and mixed with water,
chemical reagents and additives, and cement

* After the material is thoroughli mixed, it is discharged into molds and allowed
to solidify

* The solidified unit is then dispi)sed

The two most commonly used mixing syslems are mobile plants and modular plants.
The mixing system includes a silo for cement storage, a weight batcher for control of the
cement feed, and a ribbon blender for mixing Excavation equipment is used to load the
material to be solidified into the unit. A mocula: mixing plant can produce approximately
180 yd3 (137 m3 ) of solidified waste a day (E 'A 1986).

Cement stabilization is an effective wav o' immobilizing contaminants in materials
excavated from waste sites. This technology is most applicable for materials with inorganic
contamination. Verification of effectiveness tvpically requires sampling and testing the
solidified product. Cement stabilization is widel used and is performed using equipment
developed Ior the method. No specific ARAP exists to prohibit this action. Even though
cement stabilization reduces exposure risk through immobilization the end product must still
be disposed in a managed facility.

4.1.5.2.2 Treatability Study. A cement solidification/stabifization treatability study was
recently completed for Operable Unit I of the Fei nald Environmental Management Project
(DOE 1993b). Cement solidification testing was performed on waste from six waste pits.
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The waste treated was derived from Waste Pits 1, 2, 14, 5, and 6. The waste composition
was as follows:

Waste Pit 1:

Waste Pit 2:

Waste Pit 3:

Waste Pit 4:

Waste Pit 5:

Waste Pit 6:

Filter cakes, vacuum-liltered sludges, magnesium fluoride slag, scrap
graphite, and contaminated brick Contains 1,075 metric tons (MT) of
uranium.

Same as Waste Pit 1. Also received raffinate residues. Contains
175 MT of uranium.

Lime-neutralized raffiiate slurries contaminated storm water, vacuum-
filtered production sludge. neutralized liquid from process systems,
neutralized refinery sludges, and cooling water from heat treatment
operations. Contains 846 MT of uranium and 97 MT of thorium.

Solid wastes, includinp process residues, scrap uranium metal, off-
specification intermediate uranium products and residues, thorium metal
and residues, barium chloride, and contaminated ceramics. Also
received noncombustible trash, including cans, concrete, asbestos, and
construction rubble. I imi was occasionally added for uranium
precipitation. Contain; 2,203 MT of uranium and 74 MT of thorium.

Slurries, including neuwralized raffinates, acid leachate, filtrate from
sump slurries, lime sludge, thorium in barium carbonate sludge,
thorium in aluminum sulfate sludge, and uranium in calcium oxide
sludge. Contains 527 AT of uraiinir and 72 MT of thorium.

Magnesium fluoride slug, )rocess residues, filter cakes, extrusion
residue, and heat treati'ien quench water. Contains 1,432 MT of
uranium.

Portland cement (Type 1/1l) and blast furnace slag were used as binders. Additives to
the cement included Type F fly ash, site fly ash absorbents, and sodium silicate. Solidified
samples were tested for strength, leach resisianct, permeability, and durability. The
following results were obtained:

* All formulations passed toxici y claracteristic regulatory criteria in the toxicity
characteristic leaching procedure eachate.

* Leachability of uranium was controlled except when present in high
concentrations (Waste Pit 4).

* No significant temperature inc eases or offgassing occurred during mixing.

* Formulations developed could he ipplied on a large scale.
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Formulations with >43% portlaid cement Type II were effective in meeting
the 500 psi strength requirement set for an onsite retrievable waste form. This
composition also effectively controlled leaching of uranium and gross alpha
and beta.

* A significant increase in volu ne resulted from the cement stabilization
process.

* Raffinate residues or lesser ailounts of uranium (90% less than in Pit 1) in
Pit 2 caused the percentage of organics in the waste to be at a much higher
level.

* Permeabilities of all the solidifiec samples were low.

* Solidified samples passed crituria set for durability (wet/dry and freeze/thaw).
Addition of blast furnace slag reduced durability.

4.1.5.3 Soil Washing.

4.1.5.3.1 Description. Soil washing is a remedial technology that may remove organic
compounds, inorganic compounds, and radionuclides from soils. Soil washing can consist of
(1) size separation of highly contaminated soil fractions (usually fines) from minimally
contaminated soil fractions (typically course gravels and sands), (2) mechanical abrasion
(such as trommels, ball mills, or autogenous grinding) to remove surface contamination
(followed by separation), and (3) solvent extraction to chemically leach the contaminants
from the soil particles. Each technique can be used independently or in combination with
each other.

Soil washing using physical separation is performed when contaminants are
concentrated in one soil size fraction. This method works best when the contaminants are in
the finer soil fractions (because of the larger urface area per unit mass and the higher
adsorption tendencies). The purpose of physical soil separation is to segregate the
contaminated fractions from the relatively clean soil, and thereby reduce the volume of
contaminated soil requiring disposal. Physical separation can involve wet or dry sieving
alone, or it can be combined with grax ity separation, classification, attrition scrubbing, or
autogenous grinding, followed by some form )f wastewater treatment involving suspended
solids recoecry. Attrition scrubbing (wearing away by friction) is a technique for physically
removing contaminants that exist as coatings or precipitates on fine soil particles. Attrition
scrubbing is used if the contaminants are found primarily in the sand-sized material at the
site. Autogenous grinding serves the same purpose for coarse (cobbles and boulders)
material. In this case the cobbles and bouldeis themselves provide the mechanical abrasion
to remove the surface-deposited contaminants. Physical separation is most effective when
most of the contaminants are concentrated on me soil size fraction and the contaminated soil
fraction is a minor portion of the total soil mass. Soil washing by physical separation can
also be performed as a preliminary step in soil washing by solvent extraction.
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Soil washing by solvent extraction imNolves the selective removal of contaminants
from soil particles by contact with a liquid. [his process has been used extensively in the
mining and metallurgy industries, and the same basic principles apply to the extraction of
contaminants from soil. The success of this lechnique generally depends on the proper
selection of extractants (chemicals) and in understanding the kinetics of the reactions of
concern (DOE-RL 1993e). Typical extractants include aqueous acids, alkalis, organic
solvents, and surfactants. Extraction solvents are not currently available for all
contaminants, and extraction efficiencies may vary for different types of soils, concentrations
of contaminants, and site-specific parameters (Freeman 1989). Solvent extraction usually
involves mixing the soil and solvent in an extraction tank until close contact occurs. When
close contact occurs, the suspended soil particles will settle to the bottom for collection. The
solvent mixture is decanted and the fine particles are separated usually by centrifugal action.

Two bench-scale treatability studies h, ve been conducted on 100 Area soils in support
of soil washing technologies. These studies re presented in Sections 4.1.5.3.2 and
4.1.5.3.3. The soil washing treatability studies indicated that soil washing can be somewhat
effective on the 100 Area soils. As expected. soil samples indicated that the contaminants
were present primarily on fines in certain areas. However, a large mass of cobbles and
gravels were also affected by radionuclide contamination. The bench-scale studies provided
insufficient data to recommend autogenous gr inding or chemical extraction on a full-scale
basis. A field-scale treatability test for autogenotis grinding and chemical extraction must be
performed to consider these technologies along with a soil washing alternative. Therefore,
only physical separation and attrition scrubbing will be evaluated at this time as part of a soil
washing alternative for the 100 Area soils.

A field-scale treatability study for soil washing is planned for the 100 Area. When
the study is completed, this technology evaluawion may be changed to incorporate the findings
of the study.

4.1.5.3.2 100-D and 100-B/C Area Treatability Study. A bench-scale soil washing
treatability study was conducted using soils from two 100 Area trenches (1 16-D-IA and
116-C-1). The objective of the study was lo evaluate the use of physical separation systems
and chemical extraction methods as a means of separating chemically- and
radioactively-contaminated soil fractions from uncontaminated soil fractions (DOE-RL
1993e).

Before soil washing, soil samples were codected to determine the physical, chemical,
and mineralogical characteristics of the soil. Moisture content analysis showed small
amounts of clays and organic matter in the 100 Area soils. Particle size distributions
confirmed the results of the moisture analysis. Coarse sands and gravels account for
approximately 97% of the total mass of samples obtained from trench 116-C-1 and for
approximately 50% of the tot l mass of samples obtained from trench 116-D-IB. Chemical
characterization tests showed low total organic carbon values, slightly alkaline soils, and
calcium as the dominant exchangeable cation i ndicating the ability to flocculate during
washing (DOE-RL 19 9 3e). All samples included cobalt-60, cesium-137, and europium-152.
Maximum activities in the 116-C-1 trench occurred in the >2-mm (0.078-in.) fraction at
levels of 525, 5,495, and 2,320 pCi/g for cobIt-60, cesium-137 and europium-152,
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respectively. Maximum activities in the 116 D- B trench occurred in the <2-mm
(0.078-in.) fraction at levels of 15, 205, and 177 pCi/g for cobalt-60, cesium-137 and
europium- 152, respectively. Mineralogical caracterization tests indicated the presence of
micas in the soils. This is important because mica contains wedge sites that have high
affinities for cesium-137. Removal of cesium-137 from these wedge sites may not be
possible through scrubbing only. The mobilization of cesium-137 occupying these wedge
sites can only be accomplished by disrupting and/or dissolving the mineral structures (DOE-
RL 1993e).

The soil washing treatability study wa> performed using both physical separation and
solvent extraction techniques separately, as well as tests that evaluated the effectiveness of
using both techniques together. Attrition scribbing was performed on soil size fractions in
the 2- to 0.25-mm- (0.078- to 0.01-in.) range, wdile autogenous grinding was performed on
the >2-mm- (0.078-in.-) sized fraction. Chemical extractions were used on both soil size
fractions.

Attrition scrubbing tests were performed on the soil using deionized water and
electrolytes. Results of the tests using deionized water indicated a >90% reduction in
cobalt-60 activity, a 61% reduction in europium- t52 activity, and a 26% reduction in
cesium-137 activity at an optimal pulp density of 83% and an energy input of
0.65 HP-min/kg (1.43 HP-min/lb). Attrition scrubbing using an electrolyte resulted in the
removal of >80% for cobalt-60, 83% for europiim-152, and 39% for cesium-137. Such
enhanced removal by electrolyte addition appears to result from the synergistic combination
of scrubbing action., the improved dissolution of jadionuclide-bearing surface coatings, and
the reduced readsorption of solubilized contaminants onto freshly exposed surfaces of the
coarse-grained soil (DOE-RL 1993e).

Autogenous grinding was performed on gravels and cobbles from the 116-C-1 trench.
The process effectively removed a maximum of 85% of cobalt-60 and 97% of europium-152.
However, autogenous grinding was ineffective in removing cesium-137 from the cobbles and
gravels because of the high initial cesium-137 actvities.

Chemical extraction was performed using 5oils from both trench areas. A variety of
chemical extracts were used that are typical o chemical extraction in soils, as well as some
proprietary extractants. The extraction data slowed that all extractants, except acetic acid,
removed substantial fractions of cobalt-60 and europium- 152 from the 2- to 0.25-mm-
(0.078- to 0.01-in.) sized fractions of 116-D-1 B tiench soil. However, only the proprietary
extractants were effective in removing cesium 137 from this soil fraction (85%). Extraction
tests performed on gravels from rhe 116-C-I ten hi were effective in treating cobalt-60 and
europium-152, but were ineffective in treating cesium-137.

In addition to the previously discussed est., two stage attrition scrubbing tests were
performed on 2- to 0.25-mm- (0.078- to 0.01- n.) fractions soils using deionized water and
electrolytes. The results indicated an increase in iadionuclide removal over single stage
scrubbing to levels of >79% for cobalt-60, 94 % tor europium-152, and 48% for cesium-
137. Autogenous grinding experiments conducted on gravels using an electrolyte solution
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indicated removals of 88% for cobalt-60 and 94% for europium-152. Grinding with an
electrolyte was ineffective in removing cesium-137 from gravels.

4.1.5.3.3 100-F Area Treatability Study. A hench -scale treatability study was conducted
using soil from the 116-F-4 pluto crib. This study evaluated the use of physical separation
(wet sieving), treatment processes (attrition scrubbing and autogenous surface grinding), and
chemical extraction methods as a means of separating radioactively-contaminated soil
fractions from uncontaminated soil fractions WH-C 1994b).

Data on the distribution of radionuclides in various size fractions indicated that the
soil-washing tests should be focused on the gravel and sand fractions of the 116-F-4 soil.
The radionuclide data also showed that cesium-I 37 was the only contaminant in this soil that
exceeded the test performance goal Therefore, the effectiveness of subsequent soil-washing
tests for the 116-F-4 pluto crib soil was evaluateI on the basis of activity attenuation of
cesium-137 in the gravel- and sand-size fract ons

Two types of tests (physical and chemical) were conducted to reduce the activities of
cesium-137 in the particle-size fractions of thb 1 6-F-4 pluto crip soil. The physical tests
included attrition scrubbing (2- to 0.25-mm- 10.078- to 0.01-in.] sized fraction) and
autogenous grinding of gravel fractions. Chemical extractions were also conducted on the
sand fraction.

The results of autogenous surface grinding experiments using a centrifugal barrel
processor showed that 94% to 97% of total cesium-137 activity in the gravel fractions could
be removed if grinding was conducted in a waiter medium .Thedata indicated that grinding
was less effective when conducted in an electrolyte medium. Following autogenous surface
grinding, the gravel fractions containing initial cesium-137 activities ranging from 186 to
391 pCi/g contained an average residual activity of 19 pCi/g. This value is well below the
test performance goal of 30 pCi/g for cesium- 137. The autogenous surface grinding data
indicated that the bulk of the contaminant activity (about 74%) was located in the first
millimeter of the gravel particle surface. The grinding data also showed that it is necessary
to grind approximately a 3-mm (0.117 in.) surface layer off the gravel particles to reduce the
residual cesium-137 activity below the test performance goal. On average about 30% by
weight of fines (<0.25 mm [0.01 in.]) were generated during the autogenous surface
grinding experiments. The residual cesium-17 activity in the treated gravel fraction was
functionally related to the quantity of fines generated.

Because of the limited number of experiments, factors that influence autogenous
surface grinding, such as consistency, uniformity of grinding, and energy requirements, were
not evaluated. These additional data may be i-eeded to evaluate the scale-up factors for
conducting pilot- or field-scale autogenous sur acc grinding.

Based on the data from previous attrition-scrubbing tests on trench 116-D-IB soil
from the 100 Area, optimized attrition scrubbing tests were conducted on the sand fraction
(2- to 0.25-mm [0.078- to 0.01-in.]) of 116-F-4 p uto crib soil. Two-stage and three-stage
attrition scrubbing was conducted in the presence of an electrolyte at an optimum pulp
density of about 79% and an energy input of (.68 HP min/kg (1.5 HP min/lb). The
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two-stage and the three-stage attrition scrubbung removed on average 50% and 60% of
cesium-137 activity, respectively. The residual cesium-137 activities in scrubbed samples,
ranging from 75 to 114 pCi/g, were well above the test performance goal for this
radionuclide.

Chemical extraction experiments werc also conducted on both untreated and
attrition-scrubbed sand fractions from 116-F-I pluto crib soil. Previous extraction
experiments indicated (DOE-RL 1993a) that a proprietary extractant (Extractant II) was the
most etfective of all extractants tested in removing substantial amounts of radionuclides,
including cesium-137 from Hanford Site soils. The chemical extraction data showed that
one-quarter to one-half formal concentrations of Extractant I1 removed from 72 to 79% of
the total cesium-137 activity from sand fractions resulting in residual activities that ranged
from 52 to 77 pCi/g. Chemical extraction te:ts conducted on two-stage attrition scrubbed
samples showed that the residual cesium-137 activity can be reduced to 27 pCi/g, a value
below the test performance goal. These data indicated that a combination of two-stage
scrubbing in electrolyte followed by chemical extraction can reduce initial cesium-137
activities of 210 to 260 pCi/g in sand fractioi to below the test performance goal with
concomitant generation of 2.3% contaminatec fines (on bulk soil basis).

4.1.5.4 Vitrification. Vitrification is a process that converts soil and other materials into
glass or glass-like substances using heat. Vit ifiation immobilizes inorganics, such as metals
and radionuclides, by cncapsulafing er-1flCOtpagem1 into the structure of the glass.
The resulting vitrified product is a glass matr x that is highly resistant to leaching. Ex situ
joule heating vitrification uses furnaces that hive evolved from glass melters in the glass
industry. The electric furnace/melter uses a ceramic-lined, steel-shelled melter that contains
the molten glass and waste materials to be m Ited (EPA 1992).

In a typical joule-heated ceramic melt r, wastes are put into a molten glass bath
between two electrodes that heat the contents to temperatures between 1,0000 C (1,832*F)
and 1,600'C (2,912 0 F). A cold cap is usually formed on the top of the melt as the feed is
introduced and functions as the interface between the incoming material and the molten glass.
The cold cap performs the important function of iolding volatilized wastes, particularly
metals, so that maximum contact time betwee i the metals and the melt can occur, increasing
the probability of metals dissolving in the mel (fPA 1992).

Some of the same limitations that appl ,to In Situ Vitrification also apply to joule-
heated ceramic melter. Metals in their elineital form may sink to the bottom of the melt
forming an electrically conductive layer that can short the system. Other processing
problems may include slow processing rates due to high melt viscosity or increased melter
corrosion due to low melt viscosity. Howeve , feed modifications and other process control
adjustments can be easily made with ex situ v trification. For example, chemicals can be
added to change the melt composition to enha ice the solubility of the metals, as well as
produce a more durable and leach-resistant product.

In DOE-RL (1993a), ex situ vitrification vas considered in combination with a soil
washing alternative to stabilize the radionuclides Lssociated with the fines before disposal.
The rigorous action of soil washing should remove any radionuclides capable of leaching
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from the soil. It is unlikely that anything n t removed by soil washing will be removed by
contact with rainwater. Also, the disposal facilities being considered are designed to prevent
infiltration, and therefore, possible migration of contaminants. Thus, ex situ vitrification will
not be considered further.

4.1.5.5 Compaction.

4.1.5.5.1 Description. Compaction of solid waste is a well-established technology
developed to process and dispose of municipal waste. Materials from burial grounds, such as
soft wastes and scrap metals, respond well to compaction. Baling achieves the highest
degree of compaction. A baler has a series of hydraulic rams that compress solid waste into
a small space. The resulting bales are bound with wire into dense manageable bricks. Baled
waste is less likely to produce methane, will generally not support combustion, and produces
a lower concentration of leachate (Corbitt 1990)

A typical baler has three rams that compress waste in three dimensions (Figure 4-7).
The first rain compresses in a horizontal direction to a preset dimension, the second ram
compresses in a horizontal direction to a preset dimension perpendicular to that of the first,
and the third ram provides vertical compression to a predetermined gauge pressure. Many
commercially available balers do not require material separation before compaction.
Materials are loaded into a conveyor system (hat supplies the charging box of the baler.

Depending on the type of baler unit, ide amount of waste can be reduced to 10% of
the original amount. Final densities vary based in the types of materials processed and the
ram pressure. Compression pressures vary from 500 to 4,000 psi. Below 70 kg/cm2

(1,000 psi), unstable bales will be produced regardless of other parameters. Low pressure
baling generally will require banding while high pressure baling does not. Approximately 20
to 50 tons of waste can be processed per hou:. Typically, the high pressure balers are only
available in the higher capacities (50 tons/hoi r). Final block sizes are typically I by 1 by
1.4 m (39 by 39 by 55 in.) (GEC 1975).

4.1.5.5.2 Similar Study. The American Pu)lic Works Association performed compaction
experiments with a three-stroke scrap baler that was donated by General Motors Corporation
from a test program conducted in 1970 (GEC 1975). The experiments were performed on a
variety of municipal wastes consisting mostly of iousehold refuse. Samples were subjected
to pressures ranging from 35 to 246 kg/cm2 (500 to 3,500 psi) with a few samples subjected
to 422 kg/cm2 (6,000 psi). The final high pressure stroke required 17 seconds. Bales
produced typically measured 0.4 by 0.5 by 0.35 n (16 by 20 by 14 in.). Average density
obtained at 246 kg/cm 2 (3,500 psi) was 1,483 kg m3 (2,500 lb/yd3). Bale expansion was
about 30% after compression at 246 kg/cm2 (3,500 psi). Compaction pressures of less than
70 kg/cm2 (1,000 psi) produced fragile bales. Bale stability increased with increasing
pressure up to 141 kg/cm 2 (2,000 psi). Pressures above 14 [ kg/cm 2 (2,000 psi) did not
increase bale stability. Increased bale stabilit, resulted from increasing the amount of time
that compaction pressures were maintained. 'he baling produced leachate and pollutants that
were detected by analyses. The potential for eachate production by the compressed waste
was reduced by reducing the permeability of iie waste. The coefficient of permeability of
compressed refuse was reduced from 13 m/dav t 0 6 n/day (42.6 ft/day to 2.0 ft/day) with
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an increase in wet density from 572 to 1,13- kg/n 3 (965 to 1,917 lb/yd3). Tests were
conducted to measure gas production by taking compacted samples, immersing them in water
baths at different temperatures, and buffering the solutions to high pH values to encourage
gas production. The low permeability of the waste prevented penetration of the alkaline
solution at a rate fast enough to counteract the internally generated organic acids. As a result
gas generation ceased in tests after three day,. [he American Public Works Association
tentatively concluded that baling may be less of un environmental hazard than other methods.
At an experimental balefill site in Georgia, no shifting has been observed after 6 years of
operation. A series of tests were also performed to assess the way that the bales were
handled. The American Public Works Assoc iation concluded that strapping offered no real
advantage in high-pressure bales. Rail haul tests of 1, 126 km (700 miles) produced no
damaged bales. The tests showed that bales should be loaded compactly into the railcars
(GEC 1975). This indicates that once the waste is compacted by bailing, the bales are
extremely structurally stable. Enhancing the bailing technology will satisfy health and safety
requirements and protect the public.

4.1.6 Disposal

Onsite disposal (within the boundary if the Hanford Site) is being considered as an
applicable technology. The two methods used for onsite disposal are trench and vault
disposal. Before deciding on a disposal option, the waste acceptance criteria and availability
of a disposal facility must be carefully evaluated.

4.1.6.1 Trench Disposal. Burial trenches are below grade excavations for waste disposal.
Unlined disposal trenches have been used in the past at the Hanford Site, but are not
considered for future actions. Applicable technology for trench disposal has been developed
incorporating RCRA compliant designs. Currently a RCRA compliant facility, the W-025
Radioactive Mixed Waste Land Disposal Facility (W-025 Facility), is under construction in
the 200 Area. Another facility is currently i the conceptual design phase, the
Environmental Restoration Disposal Facility, which is planned to accept wastes generated
from environmental restoration activities, includi ig remediation of the 100 Area. The W-025
facility is planned to be operational by 1995. The construction of Phase I of the
Environmental Restoration Disposal Facility is planned to be complete by the end of 1996.
The entire Environmental Restoration Disposal Facility will be completed at a later date.
Both facilities will incorporate an appropriate surface barrier as discussed in Section 4.1.3.
The design of these facilities is discussed in the tollowing paragraphs.

4.1.6.1.1 The W-025 Radioactive Mixed " aste Land Disposal Facility. The major
components of the W-025 facility are the disposa trench, a contaminated water temporary
storage facility, utility systems such as electriial and communications, a security system, a
stormwater management system, and a contro: building. The facility is located within the
existing Low Level Burial Area No. 5 between trenches 39 and 47 in the 200 West Area.
The disposal trench is a rectangular landfill with a RCRA compliant liner. The trench will
provide a burial capacity of 53,000 in 3 (69,000 yd'): however, because of the required soil
cover, the anticipated waste capacity is approx imately 21,000 in3 (28,000 yd 3). The landfill
is being constructed with a primary leachate c.llection system, a secondary leachate
collection system, and a RCRA eompliant co% ur. Waste will be transported to the facility by
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truck from the source areas. The design and operations of the facility are presented in the
design report (WHC 1990).

The facility will accept solid waste i accordance with the Hanford Site Solid Waste
Acceptance Criteria (WHC 1993a), which n eet the requirements of RCRA and DOE (DOE
Order 5400-5).

4.1.6.1.2 Environmental Restoration Disposal Facility. The major components of the
Environmental Restoration Disposal Facility are as follows:

* Waste disposal trench
& Leachate collection and storage
* Surface water run-on/run-off control system
0 Real-time air monitors and samplers
* Groundwater monitoring
* Use of existing Hanford Site transportation system
* Security/Institutional controls
* Fuel and chemical storage and dispensing areas and other infrastructure

facilities.

The ERDF site will cover a maximum ol 4.1 km 2 (1.6 mi2 ) on the Central Plateau,
southeast of the 200 West Area and southwest of the 200 East Area. The initial construction
of the facility will require 165 acres of this area

Initial construction and operation of two disposal cells that are expected to provide an
approximate waste disposal capacity of 1.2 trillion yd3 . These cells will be designed and
constructed to RCRA minimum technological requirements (MTR) (40 CFR Part 264,
Subpart N). The decision to expand the landfill in the future will be documented by
amending the ERDF ROD or as part of the RODs for the Hanford Site operable units.

Waste acceptance criteria will be developed by DOE, in accordance with ARARs,
risk/performance assessments, ERDF-specific salety documentation, and worker protection
requirements. Upon approval by EPA (and consultation with Ecology), these criteria will
govern what wastes from the Hanford NPL s tes can be placed in the ERDF. No waste may
be placed into the ERDF until the waste acceptace criteria have been approved by EPA and
consultation with Ecology. Operable unit-specific waste disposal and treatment decisions will
be made as part of the remedy selection and cleanup decision process for each operable unit.

The final cover for the disposal trench wi I be a modified RCRA-compliant closure
cover. Some of the materials excavated for the t-ench may be used to construct the barrier.

4.1.6.2 Vault Disposal. Vaults are engineered containment facilities that provide a
maximum of lateral and vertical confinement. Vaults were identified in DOE-RL (1993a) for
disposal of organic wastes and transuranic wate.

Organic waste will decay in a standard lardfill, promoting subsidence and subsequent
failure of the landfill cover. The vault should be designed to prevent subsidence after the
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organic wastes have decomposed. This concept has been incorporated into the disposal
trench design and, as a result, the separate vauh concept has been abandoned. The most
recent design of the Environmental Restoration Disposal Facility includes injection grouting
of decomposable wastes, as necessary.

Transuranic waste originally identifie I ft r disposal in vaults will eventually be
disposed off site. The transuranic wastes will be handled as outlined in the Hanford Site
Solid Waste Acceptance Criteria Manual (W IC 1993a). The waste will be stored in the
200 Area, analyzed, packaged in the Waste Receiving and Packaging Facility, and submitted
for final disposal as determined by DOE.

Transuranic waste has not been identifiec in any of the 100 Area investigations since
the vault disposal technology was developed in the Phases 1 and 2 feasibility study (DOE-RL
1993a) Transuranic waste, therefore, is not expected to be encountered during remediation
of 100 Area source operable units; the vault disposal technology is not considered further in
this Process Document.

4.1.7 Innovative Technologies

The DOEs Environmental Managemeit Office of Technology Development (EM-50)
is implementing an aggressive national program for applied research, development,
demonstration, testing, and evaluation to develop new technologies to remediate the DOE
nuclear production and manufacturing sites and to manage DOE generated wastr 7. more cost-
effectively. The program is addressing several major problem areas, including groundwater
and soil remediation and waste retrieval and urocessing. This Process Document evaluates
two previously developed technology alternatives of the Office of Technology Development.
These two technologies are In Situ Vitrification and a barrier. In addition to these two
technologies, there are a number of complimentary technologies for environmental restoration
in various stages of development and demonstration that will be ready for implementation in
the near future.

4.2 DESCRIPTION OF ALTERNATIVES FOR SOIL AND SOLID WASTE

Alternatives associated with the six general response actions identified in DOE-RL
(1993a) are described in this section. The general response actions are as follows:

* No action
* Institutional controls
e Containment
- Removal/disposal
* In situ treatment
0 Removal/treatment/disposal.

For each general response action one or more Remedial Alternatives have been
developed. Also, the site characteristics or conditions that are a prerequisite to effective
application of the alternative (applicability criteria) are presented. Additional treatment
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components (enhancements) that may be incorpo -ated into the alternatives on a case-by-case
basis are also presented. The addition of enhancements increases the number of sites that
may be effectively addressed by the developed alternatives, and thereby minimizes the need
for site-specific development of alternatives iH the subsequent operable unit-specific FFS.

Although single alternatives are generilly evaluated in this Process Document to
identify the potential interim remedial action ;Table 4-1), a combination of alternatives may
be preferred as more information is gathered through the observational approach. The
results of this Process Document and the operable unit-specific FFSs (see Appendices E, F,
and G) will be used in combination with informalion gathered during remedial action
implementation to evaluate the appropriate allernative or combination of alternatives.

4.2.1 No Action General Response: Alteriatives SS- 1 and SW-1

The No Action Alternatives for soil aind sIid waste sites are SS-1 and SW-1,
respectively (DOE-RL 1993a). The National Coitingency Plan (40 CFR 300) requires that a
"no action" alternative be evaluated. The No Action Alternative represents a situation where
no restrictions, controls, or active remedial measires are applied to the site. No action
implies a scenario of "walking away from the sitn." For the No Action Alternative,
contaminants are allowed to dissipate through natural attenuation processes. The
acceptability of this alternative has been initially wvaluated in the qualitative risk assessment.
Generally speaking, a site that has been identifiec as an interim remedial measure candidate
during rie qualitative risk assessment process cortains contaminants exceeding risk screening
levels, and would not be an appropriate site for no action. However, exceptions do exist.
The final decision on the applicability of the No Action Alternative is addressed on a site-by-
site basis in the operable unit-specific FFS wlere site-specific information is reviewed against
the remedial action objectives..

The No Action Alternatives require that a site pose no threat to human health and the
environment or that the site has been effectively addressed in a prior action. In the context
of interim action, only those sites that have contaminants below risk levels are appropriate
for no action. This may result from natural degradation. or the fact that contaminants were
reduced to acceptable levels by some prior acion The only waste site groups that meet this
criterion would be the seal pit cribs and decoMmissioned and decontaminated facilities.
Some of the decommissioned and decontaminated facilities have already been addressed
through decommissioning and decontaninatin acfions and have been released based on
allowable residual contamination levels (see Suction 3. 1.7).

The No Action Alternative for the source *perable units in essence implies that
nothing is done at the site to reduce contamin. nt concentrations or prevent receptors from
being exposed to the contaminants. Because IOhI will continue active ownership of the
Hanford Site during the interim action period, there will be access restrictions in place,
fencing to prevent unauthorized entry, site sec irity, and some ongoing monitoring and
surveillance activities. However, none of these ongoing actions would be controlled under
the No Action Alternative. The actions would co tinue only as a result of DOE's decision to
continue these actions for site-wide or other pirpeses. Furthermore, none of the information
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derived from the site-wide actions would be used to reassess the value of continuing the No
Action Alternative.

There is one "applicability criterion" thai must be met to consider no action; the
concentrations of all contaminants of potentiti concern must be less than the preliminary
remediation goals. Because some D&D site, may meet this criterion, no action may be
appropriate. There are no technologies witlin this alternative because no action is taken
(Table 4-1). Also, because there are no tecl nologies there are no enhancements. The
applicability criteria and enhancements for each alternative are listed in Table 4-2. This table
also shows that the No Action Alternative is appropriate for only two of the waste site
groups. Seal Pit Cribs, and the D&D group.

4.2.2 Institutional Control General Response: Alternatives SS-2 and SW-2

The institutional control alternatives fhr soil and solid waste sites are
Alternatives SS-2 and SW-2, respectively. 'I hest alternatives involve deed restrictions
(Section 4.1.1.2), groundwater surveillance non itoring (Section 4.1.1.1), and access
restrictions (Table 4-1 and DOE-RL 1993a).

Access restrictions may be accomplisfed using site security personnel, fencing, and/or
public notices. Access restrictions would reduce the potential for human exposure.
However, this action would not necessarily preclude site trespassing. Fencing would provide
a physical barrier to exclude humans and animal> (to some extent), but would require
maintenance and surveillance actions. Public no' ices and community relations efforts could
supplement site security and fencing.

Deed restrictions would be incorporatd at waste sites if and when DOE releases
control of the area containing the waste sites. Deed restrictions could include preventing
excavation below specified depths, precluding the use of local groundwater, or restricting
agricultural practices. In the context of interim action, DOE will continue to control use of
the 100 Area in the near term and can prohibit these land uses through administrative
actions.

Because wastes would be left on site uider this alternative, at least temporarily,
groundwater monitoring would be required to track potential changes in groundwater quality.
The present network of groundwater monitoring wells is assumed to be adequate for
monitoring potential impacts to groundwater. Depending on the type and level of
contaminants at the site, air quality, surface vater quality, or wildlife distribution monitoring
may also be considered.

The Institutional Control Alternative w ould be appropriate, for example, at a waste
site containing only radionuclide contaminants that would decay to acceptable risk levels
before DOE releases control of the area. Because the preliminary remediation goals for
radionuclides are calculated by including a decay period to the year 2018 (Appendix A), the
contaminants at the waste group would still have !o meet the preliminary remediation goals
identified in this Process Document. Therefor.-, the lnst'tutional Control Alternative has one
applicability criteria, the concent-ations of all 1he contaminants of potential concern must be
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less than the preliminary remediation goals. Based on the data available on the waste site
groups, no waste site groups meet the applicibiity criteria (Table 4-2). Therefore, this
alternative is not evaluated in this Process Document for any of the waste site groups. No
enhancements have been identified for the iwtitutional controls alternatives.

4.2.3 Containment General Response: Alternatives SS-3 and SW-3

The Containment Alternatives for soil anc solid waste sites are Alternatives SS-3 and
SW-3, respectively (Table 4-1 and DOE-RL 993a). These alternatives involve the following
technologies:

* Surface Barrier (Section 4.1 3. 1)
* Surface water controls (Section 4. ;.3.2)
* Groundwater surveillance monitoring (Section 4. 1. 1. 1)
* Deed restrictions (Section 4.1. .2)

Operations for this alternative begin b dtsigning the appropriate surface barrier for
the waste site area. The waste site area is defined as the at-grade surface area projected
from the waste site (i.e., the projection of the pipelines and the associated contaminated soil).
In this Process Document, the Hanford Barrier was considered to be the appropriate barrier
type. Should future characterization or monitnrirg activities of waste sites where other
barriers have been placed indicate that less prntection is needed, modifications can be made
to this alternative. Because the lateral extent of the barrier is based on the extent of
contamination present at the site, additional irivesigations will be needed to adequately locate
and delineate the extent of contamination. Fcr the purpose of this Process Document, an
additional 12.2 in (40 ft) of effective barrier im assumed to be provided laterally beyond the
known limits of contamination. The effective barrier is defined as the asphalt layer.

Surface water controls will be used bo h during and after construction of the barrier.
Groundwater surveillance monitoring will be k oordinated with existing groundwater
monitoring programs. The present network o groundwater monitoring wells and sampling
schedule are assumed to be adequate monitori ig impacts to groundwater. Deed restrictions
are provided for the area of the completed bar rier and for the groundwater zone that may be
impacted by the site.

The remedial action objectives are met by eliminating the exposure pathways through
the construction of a physical barrier, that prevents receptors from contacting the wastes, and
through protection of the groundwater by minimizing the spread of contamination by erosion
or leaching.

The Containment Alternative is applica )le for those sites where contaminant
concentrations exceed the preliminary remediaion goals, but the contaminant concentrations
do not exceed levels that may impact groundxatei under the reduced infiltration scenario.
See Section 3.2.4 in the previous chapter and Seciion 3.4 in Appendix A for more
information on the reduced infiltration scenario. Based on the data available, containment
for in-place wastes is appropriate for only three o" the waste site groups: the
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Decontamination Cribs/French Drains, Pipelines, and Burial (Solid Waste) Grounds
(Table 4-2). No enhancements have been identified for the Containment Alternatives.

4.2.4 Removal/Disposal General Response: Alternatives SS-4 and SW-4

The Removal/Disposal Alternatives for soil and solid waste sites are Alternatives SS-4
and SW-4, respectively. The alternatives in\ olve removal (Section 4.1.2) and disposal
(Section 4.1.6) technologies.

The first action under this alternative is the removal of soils and solid wastes.
Additional investigations will be needed to adequately locate and delineate the extent of
contamination. However, the removal technology provides the opportunity (for low-level
contaminated materials) to characterize and segregate the wastes as excavation proceeds using
an observational approach. Materials removd are separated as necessary for transportation
to the disposal facility. Depending upon waste acceptance criteria and availability, soils may
be disposed in either the W-025 Radioactive Mixed Waste Land Disposal Facility or the
Environmental Restoration Disposal Facility. Solid waste removed from the burial grounds
must be disposed in the Environmental Restoration Disposal Facility because of the
restrictive waste acceptance criteria for the Radioactive Mixed Waste Land Disposal Facility.
Therefore, remedial actions at solid waste sites shall not occur until the Environmental
Restoration Disposal Facility is available (anticipated by end of 1996). Both the capacity at
the intended waste disposal facility, and the waste acceptance criteria must be evaluated
before the proper disposal facility is determined.

The remedial action objectives are me by removing the contaminated material that
exceeds the preliminary remediation goal. Long-term risks to human and ecological
receptors is eliminated by removing the contaminants from the waste site. Excavation will
proceed to the depth required to remove all tle cintaminants exceeding protectiveness of
groundwater concentrations.

The Removal/Disposal Alternative is applicable at sites where the contaminant
concentrations exceed the preliminary remediation goals. As shown in Table 4-2, this
alternative is appropriate for 8 of the 10 waste site groups. No enhancements have been
identified for the Removal/Disposal Alternatixes.

4.2.5 In Situ Treatment General Response: Alternatives SS-8A, SS-8B, and SW-7

The in situ treatment alternatives vary :oni;iderably depending on the waste site
groups being considered. These alternatives nay involve In Situ Vitrification of soils, void
grouting of buried pipelines, or dynamic compact on of solid wastes. The following sections
discuss each alternative.

4.2.5.1 Alternative SS-8A, In Situ Vitrification. This alternative, as originally described
in DOE-RL (1993a), was applicable to all soil waste sites, except those containing effluent
pipelines. This alternative involves the following technologies:
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0 In Situ Vitrification (Section . 1.4.3)
* Surface water control (Sectior 4. .3.2)
* Deed restrictions (Section 4.1 1.2)
* Groundwater surveillance moniiitoi ing (Section 4.1.1.1).

The In Situ Vitrification technology i; effective in immobilizing contaminants located
between the surface and a depth of no more than 5.8 in (19 ft). After the waste site has been
vitrified, the area is backfilled with clean soils to a minimum of 1 m (3 ft) above the vitrified
soil mass. Deed restrictions are provided for the area and groundwater (potentially impacted
by untreated wastes) is monitored. The prestnt network of groundwater monitoring wells
and sampling schedule are assumed to be adequate to monitor impacts to groundwater.

The remedial action objectives are met by eliminating the exposure pathways through
the solidification of the contaminated soil and by adding backfill. Groundwater is protected
because the vitrified material minimizes the spread of contamination by erosion, leaching, or
mobilization by biotic activity.

There are two applicability criteria for the In Situ Vitrification Alternative. In Situ
Vitrification is appropriate when (1) the concentrations of the contaminants of potential
concern exceed the preliminary remediation goals and (2) the contaminant zone does not
exceed a thickness of 5.8 m (19 ft). The depth of the contaminated zone typically exceeds
5.8 m (19 ft) at the retention basins and the uel storage basin trenches, so In Situ
Vitrification is not appropriate at these waste site groups (Table 4-2). Vitrification is also
not appropriate for sites containing pipelines and solid wastes (i.e-, burial grounds) because
large voids and the diversity of materials interfeie with the vitrification process.

4.2.5.2 Alternative SS-8B, Void Grouting. Alternative SS-8B has been developed for the
pipeline sites and is appropriate only for the pipeline sites This alternative involves the
following technologies:

* Void grouting (Section 4.1.4.1 1)
Surface barrier (Section 4. i.3. )

* Surface water controls (Section 4. .3.2)
* Groundwater surveillance mon toring (Section 4.1.1.1)
* Deed restrictions (Section 4.1. .2).

Pipelines must be surveyed by video Iefo'e grouting. These surveys help determine
whether grouting is a feasible remedial measure. If the camera survey of the pipeline shows
no breaches in pipe integrity and no obstacles that would interfere with grouting, grouting is
a feasible remedial measure. Should breache in pipe integrity or plugs within the pipelines
be observed during camera surveys, grouting may not be the appropriate remedial measure.
If grouting is feasible, the survey will help determine proper injection grout mixture(s) and
appropriate injection point locations. Large xolunes of grout will be needed to backfill the
lines. For example, approximately 0.76 in ( yd5 ) of grout is required per 30.5 cm (1 ft) of
1.7-m (66-in.) diameter steel pipe. Approxirrately 3,200 m of 1.7 in diameter (10,500 ft of
66 in.) line exists in the 100-BC Area alone. Suicess of the grouting process would be
determined by comparing the volumne of groui imerial pumped into the pipe to the annular
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volume of pipe to be grouted. The closer this catio is to unity, the more successful the
grouting.

Areas surrounding the effluent pipeli ies chat have exterior soil contamination would
require the addition of a surface barrier. Ti e lateral extent of the barrier is delineated based
on the extent of contamination present at the site to be covered. Additional investigations
will be required to adequately locate and delineate the extent of contamination. For the
purposes of this Process Document, an additional 12.2 m (40 ft) of effective barrier is
assumed to be provided laterally beyond the liinits of known contamination. The effective
barrier is defined as the asphalt layer. Surfice vater controls must be implemented both
during and after construction of the barrier. Groundwater surveillance monitoring would be
coordinated with the existing groundwater monitoring programs. The present network of
groundwater monitoring wells and sampling schedule are assumed to be adequate for the
monitoring of impacts to the groundwater. Deed restrictions are provided for the area
containing the barrier, and groundwater that may be iTpacted by the wastes remaining at the
site is monitored.

The remedial action objectives are m -t by (1) reducing the potential for settling,
(2) immobilizing the waste through encapsulatioi, (3) eliminating the exposure pathways by
constructing a physical barrier that prevents receptor contact, and (4) reducing water
infiltration.

Alternative SS-8B is appropriate for i ipeziue sites that meet the following applicability
criteria (Table 4-2):

* Contaminant concentrations extee] the preliminary remediation goals

e Contaminant concentrations dc not exceed levels that may impact groundwater
under the reduced infiltration cenario

* No breaches or plugs occur in the piping that would prevent grouting.

4.2.5.3 Alternative SW-7, Compaction. A Iternative SW-7 is applicable only to solid waste
sites and is similar to Alternative SW-3 with the addition of an in situ treatment technology.
The alternative involves the following techno ogites:

* Dynamic compaction (Section 1.1 4.2)
e Surface barrier (Section 4.1.3.)
* Surface water controls (Sectio 4. [.3.2)
* Groundwater surveillance mon tor ng (Section 4.1.1.1)
e Deed restrictions (Section 4.1. .2).

As originally proposed in DOE-R (1 93J), this alternative also included vibration-
aided groUT injection. Vibration-aided grout njection has been eliminated for the following
reasons:
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Dynamic compaction in itself s an effective technology for compaction and
stabilization of buried wastes. The surface barrier over the compacted wastes
will limit the production of leachate, so grouting will provide little added
protection.

The application of the vibratio i-aided grout injection technology directly
conflicts with the application of dynamic compaction. If grout is applied
before dynamic compaction, tl'e grout may make the compaction process
ineffective. If grout is applied after compaction, the densified ground will be
less amenable to grouting and grouting may be ineffective.

e The success of the grouting program will be difficult to determine. Success
depends on intrusive testing, which may be inconclusive in heterogeneous
environments such as the burial grounds.

Alternative SW-7 stabilizes the waste ;ite by using dynamic compaction. A test
should be performed to optimize the design of the weight, drop pattern, and dropping
parameters. For the purposes of this study, ihe parameters are assumed to be the same as
those used at the DOE Savannah River Site (Section 4.1.4.2). After dynamic compaction,
the technologies of Alternative SW-3 are implemented (Section 4.2.3).

The remedial action objectives are me by eliminating the exposure pathways by
constructing a surface barrier that inhibits receptor contact. The surface barrier also protects
the groundwater by minimizing the spread of contamination by erosion, leaching, or
mobilization by biotic activity. Dynamic conpaction increases long-term effectiveness by
lowering the leachability of the waste and by reducing the potential for settling and
subsequent failure of the barrier.

Alternative SW-7 is appropriate at sol d waste sites if the following applicability
criteria are met before implementation:

* Contaminant concentrations ex( eed the preliminary remediation goals

* Contaminant concentrations do not exceed levels that may impact groundwater
under the reduced infiltration scenario.

No enhancements have been identified for the in situ treatment alternatives.

4.2.6 Removal/Treatment/Disposal Genervi Response: Alternatives SS-10 and SW-9

The removal/treatment/disposal alternvtivcs vary considerably depending on the waste
site group being considered. The following s ctions will discuss each alternative separately.

4.2.6.1 Alternative SS-10. Alternative SS-Jo is applicable to soil waste sites. This
alternative includes the following technologies:

4-35



DOE R] -94-61
Pev 0

* Removal (Section 4.1.2)
0 Thermal desorption (Section 4 L. .1)
* Soil washing (Section 4.1.5.3
0 Disposal (Section 4.1.6.1).

Alternative SS-10 always includes soil washing, but will include thermal desorption
only if organic contaminants are present. Thermal desorption, therefore, is considered an
enhancement of this alternative.

As originally proposed in DOE-RL ( 993a), this alternative included ex situ
vitrification of treatment residuals. Ex situ x itrification has been eliminated for the following
reasons:

* Vitrification of residuals from thermal desorption will not reduce the risks of
handling those wastes, and would increase the complexity and costs involved
in the overall treatment. The -esiduals from thermal desorption can be
effectively disposed at the wasre disposal site without further treatment.

* Likewise, vitrification of soil washing residuals would increase the complexity
and cost of the overall treatmerit process, but would not significantly reduce
the risk associated with the ev ntual fate of those wastes. The soil washing
residuals can be contained at a disposal facility, and that containment will
effectively reduce the risks wiihout the added effort of vitrification.

Figure 4-8 is a flow diagram showing the major components that can be included in
this alternative. Generally, soils are excavated tien separated into organically contaminated
soils and soils contaminated only with inorganic and radionuclide contaminants. Organically
contaminated soils, if present, are treated by the;mal desorption, then recombined with the
remaining contaminated soil for contaminant ren oval by soil washing. Clean soil from the
treatment process is used to backfill the site, whie contaminated soil is transported to the
disposal facility. All mixed waste is transpoi ted to the Environmental Restoration Disposal
Facility.

Soil washing by physical separation ircludes a series of treatment operations.
Initially, soils are separated by particle size fraction using a grizzly (large mesh screen), a
vibrating screen assembly, a classifier tank, and a spiral -classifier. This process results in
soil fractions in the > 13.5-mm (0.486-in.) rangc, the 13.5 to 2-mm (0.486 to 0.078-in.)
range, the 2- to 0.25-mm (0.078- to 0.01-in.: range, and the <0.25-mm (0.01-in.) range.
The two larger fractions are removed and stockpiled for use as backfill if they are clean. If
they are contaminated they are transported to the disposal facility. The soil washing process
can be terminated after the screening phase, if the contaminants are present primarily in one
or two of the size fractions. In this case the clean size fractions would be used for fill and
the contaminated size fractions would be transported to the disposal facility.

The sands resulting from the initial sc eev ing process (the 2- to 0.25-mm [0.078- to
0.01-in.] range) can be fed into a four-cell atirition scrubber and washed with an electrolyte
solution. [he fines generated from the attrition crubbing are removed by screening, and the
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sand fraction is fed into a second attrition sc-ubber where it once again is scrubbed with an
electrolyte solution. The clean sands resulting from the attrition scrubbing are dewatered and
stockpiled for use as backfill. The contaminated fines generated from the various soil
washing steps, estimated to be approximatel} 5 to 15% of the total soil mass, will be
transported to the disposal facility. Wastewater generated during washing is transported to a
clarifier to promote gravity settling of the so ids A combination of flocculent and polymers
are added to enhance separation. The combination of flocculent and polymers was chosen to
be consistent with the field scale treatability ;tudy currently planned for the 100 Area and
will be evaluated further in the detailed design phase. Contaminated sediment and suspended
fines are dewatered and removed for disposa:. Wastewater is not expected to contain
radionuclides and will therefore be recycled or reuse in the washing process. Contaminated
residues from thermal desorption offgas treatment and fines from soil washing are
transported to the disposal facility.

Soil washing by physical separation and attrition scrubbing will be effective only
when most of the radionuclide activity is associated with the sand-sized and fine material
(<2.0-mm [0.078 in.] fraction) and the fines are a minor fraction of the entire soil volume.
Also, if cesium-137 is present, attrition scrubbing is effective only for contaminated sands
with cesium-137 activity less than twice the preliminary remediation goal (based on
treatability tests DOE-RL 1993e). Further, h:>r ,oil washing it was assumed that cobbles and
gravels do not contain cesium-137 activities above the preliminary remediation goals, and
therefore, autogenous grinding was not included Before implementation, a treatability study
on soil washing and thermal desorption should b. performed to verify assumptions and assist
in remedial design

The remedial action objectives are met by separating and removing the contaminated
material that exceeds the preliminary remediation goals. Risk to human and ecological
receptors are eliminated by removing the contaminants from the site soil, excavating to a
depth required to remove contaminants exceeding preliminary remediation goals. Additional
benefits are realized from the mass reduction of contaminants due to the treatment options.
This Removal/Treatment/Disposal Alternative (SS-10) for soil waste sites is appropriate for
those waste sites where contaminant concentrations exceed the preliminary remediation goals.

Thermal desorption and attrilion scrubbing are two components of the soil washing
alternative that may not be used at some sites. As previously discussed, thermal desorption
will be used only when organic contaminants are present. The treatment residuals from the
thermal desorption process are assumed to contain inorganic and/or radionuclide
contaminants, and are fed into the physical sc par ation (screening) process (Section 4.1.5.1).

Attrition scrubbing is effective in removilg contaminants from soil if those
contaminants are present primarily on the surface of the sand/soil particles. Based on
treatability studies (Sections 4.1.5.3.2 and 4. 1.5.3.3), attrition scrubbing may not remove
adequate quantities of the contaminants if ces um 137 concentrations in the soils exceed twice
the cesium-137 preliminary rermediation goal. Sie characterization data at the waste site
groups indicate that the cesium-137 concentrations in most or all of the soils at the process
effluent trench sites exceed twice the preliminary rernediation goal. Therefore, attrition
scrubbing would not be used at this waste sit( gr up. However, cesium-137 concentrations



DOE RL-94-61
[ ev. 0

are generally less than twice the preliminary remediation goal in about two-thirds of the soils
at the retention basins and sludge trenches, and n all soils at the pluto crib and fuel storage
basin trenches; therefore, attrition scrubbing is appropriate for those waste site groups.

Soil washing, using one or several treatment technologies, is applicable for 6 of the
10 waste site groups (Table 4-2).

4.2.6.2 Alternative SW-9. Alternative SW 9 i; applicable only to the solid waste sites.
The alternative involves the following techno.ogies:

e Removal (Section 4.1.2)
e Thermal desorption (Section 4 1.5.1)
* Compaction (Section 4.1.5.5)
* Disposal at the Environmental Restoration Disposal Facility

(Section 4.1.6.1.2).

As originally proposed, this alternative al:o included cement stabilization of
"noncompactable" wastes and treatment residijes. Cement stabilization has been eliminated
for the following reasons:

* The only noncompactable wastis tnat may be found at the solid waste sites are
large pieces of equipment. Cement stabilization of these items is not feasible.

* Stabilization of thermal desorbir residues before disposal does not reduce the
risk at the disposal site. These residues can be managed effectively by
placement (containment) at the En'ironmental Restoration Disposal Facility.

To implement this alternative, the conm am mated materials are excavated from the site.
During excavation, field detection instruments are used to ensure that the contaminated
materials are properly characterized and segregated. This approach may require the
designation of waste based on existing data, filowed by field screening to ensure that the
wastes actually fit that designation. The material; are initially separated into the following
categories:

* Clean soil
* Containerized waste
e Compactable waste
* Solid wastes (waste that is neitl er sompactable nor organically contaminated).

Clean soil is stockpiled for use as bac fill material at the waste site. Solid wastes are
assumed to be contaminated only with inorganic chemicals and radionuclides, and are
transported to the Environmental Restoration Disposal Facility for disposal.

Containerized waste is inspected and p aced into one of the other categories if
possible. If the containerized waste does not equire compaction or thermal treatment, it is
placed in the solid waste category.
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Containerized and compactable waste that contain organic contaminants are treated
by thermal desorption to remove the organic chemicals. The treatment residuals from the
thermal treatment process are then handled a; compactable wastes. While organic
contamination is not expected in the 100 Area burial grounds, there is a potential for organic
contamination. It is assumed, therefore, that 5"A of all waste from the burial grounds is
contaminated with organic constituents.

Compactable wastes are compacted imo bales using the technology described in
Section 4.1.5.5, and disposed at the appropriate disposal facility.

All mixed waste is transported to the Kn- ironmental Restoration Disposal Facility for
treatment.

The treatment residuals from the aboxg processes (compacted waste, thermally
desorbed waste, and offgas treated waste), ar d the untreated waste (solids) are then disposed
at the disposal facility. Both the available ca)acity at the disposal site and the waste
acceptance criteria must be evaluated to determine which disposal site will be used.

The remedial action objectives are me by removing the contaminated material that
exceeds the preliminary remediation goals. F isk to human and ecological receptors is
eliminated by removing the contaminants froii the site. Soil excavation is performed to the
depth required to remove contaminants exceeding concentrations protective of groundwater.
Additional benefits are gathered from the ma! s reduction and immobilization of contaminants
because of the treatment options.

This Removal/Treatment/Disposal Alternative for solid waste sites (SW-9) is
appropriate for sites where the contaminant concentrations exceed the preliminary
remediation goals. As shown in Table 4-2, this alternative is appropriate only for the burial
grounds.
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Figure 4-6. Dynamic Compaction Pattern.

2 3 ft.

' P ) 8 FT

50

P S---

10 FT.

p 
- S10 PT

101 FT..

50

DR AFu

SQ. FT.

SQ. FT.

LIMIT OF
WASTE DISPOSAL
TRENCH

Grid pattern per specifications:
P = Primary drop points
S = Secondary drop points

409-02-8 5/19/94

4-45



DOE RL-94-61
12ev. 0

Figure 4-7. Compaction Press (Baler).
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Table 4-1. Remedial Alternatives and Technologies for Soil and Solid Waste Site Group.

Technologies Included in
the Alternative

Retention
Basins

Sludge
Trenches

Fuel
Storage
Basin

Trenches

Process
Effluent
Trenches

Waste Site Group
Deco n
Crib

French
Drains

Pluto
Cribs

DOE/RI -Qis-r

Rev. 0

Seal Pit Burial D&D
Cribs Pipelines Grounds Facilities

NoAction SS-11 Nxe X
SW-1 X

Irstutional Controls SS-2 Dead Restricions
SW-2 Groundwater Monitorin -

Containment SS-3 Surface Water Controls x x x
SW-3 SurfaceBarrier X x X

Deed Restrictions X X X
Groundwater Nonitoring X X x

Removal, Disposal SS-4 Removal x x x x x x x x
SW-4 Disposal x X X X X X X

In Situ Treatment SS-8A Surface Water Controls x x x X
InSituVitrification x x X X

-Vibficaticn Groundwateronitoring ' Ii X

ss- B Vod ou
Surface Barrier X__ _ _ _ _______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-*d r tnSurface Water Cornr -____________________________________

Deed Restrictions X

F - - F . unundwater Morutonng I I.___ .. I X ..

- Dvyunic Compaccon I

Barrier xx
- Dm~ue ompacanSurface Water ControlX

Gmroudwater %Mons=n x

Dead Restrctions x

RemvalTretme+te. ] X X X

Thermal Desorption j _ _ _ _ _ _ _ _ _ _I.i__ _

.ciJ Wasingm Soil Washing x X X XXXX

--- Disposal X XX X X X X

SW9Rem.,va] X
-Cmain| Thermal Bezorotion ______ _ I_ _ _x

Compacion __X
-W '_ERDFEDisvosal x

X - Technology applies to this Waste Site Group
blank - Tecihnology does not apply to this WasteSiteGroup
D&D - De cotamtnated and Decomnissioned
RCRA- Resource ConservationandRecovery Act
ERDF - En:ironmental Restoration Disposal Facility

4-49/i50
Thee reedI altratvs , er descrited in decihn DOE-RL t19 934

Alternatives
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Table 4-2. Cormparison of
DOLRL-94-61

Waste Site Groups to Remedial Alternatives. Rev. 0

WASTE SITE GROUPS

Fuel
Remedial Applicability Criteria Retention Sludge Storage ss Burial D&D

Alternatives Basins Trenches Trenches P Cains Grounds Facilities
-Trenches ).I

Are Applicability Criteria and Enhancements Met?

No Action

-1!5SW-1 Criteriorn
Contaminantconcentatns lessthan PRs N> N0 Nb N> N> N> Yes Nb N> es

Institutional Controls

SS-'ISW-2 Criteria:INatural attenuationofradionudides willireducehuman health and N>N N> N> N> NA N> N> NA
ecological risks to safe levels prior to releasing DOE control of the site.

_- Organc and rganicadiorganic contamant concentratons are less than PRQS .0 M M N> N NNA

Contaffnmern

SS 3 SW 3 rnter
r,-t'oo~b~n -- '~'eroa I-l>- I Yes I ' '-~Yes Yes Yea

CLnja~nt ctrnQr<LV s se XloW Neve2s n euId t NYes Y-es
ornurdw-ater based on the educed infilation seario.

RemrovalDpsa
Contaminnt corncentraiOrs ercater than PRGYe YYe s Yes Yes Yes Yes

InSituTreatment
SS-8A Ctd

- onarnnnncoceeai r -aer thnan PRs.Ye Ys C Yes Yes Ys IVNA NASS-A rtca:I NA NA
Nitrification * 

7 neof contamnrionons rsatr than n (1in ic Yes Yes Ye NA N

SS-SB Criteria:
* Contaminantconcenrtions greater thanPRGs. NA NA NA NA NA NA NA Yes NA NA

(Void Grouting) - Contaminant concentrations are below levels that would impact NA NA NA NA NA NA NA Yes NA NA
groundwater based on the reduced inSitration scenario. NA NA NA NA NA NA NA Yes NA NA

* Nobreaches or plugs occur in thepiping that would prevent groutring

SW-7 Criteria:
Dynamic - ContaminantconcentrationsgreaterthanPROS. NA NA NA NA NA NA NA Yes NA

(Compaction) - Contamiant concentrations are 6iow levels that woud impac N M NA M NA NA NA Yes NA

rroval!Treatrmnt!Disps-d
SS-10 Criteria- I-_____ _____ _____

(Sod Washing) - ContaminantconcentrationsgreaterthanPRGs. Yes Yes Yes Yes Yes Yes NA Yes Ntk NA

SW-9 Criteria:
(Compaction) - ContaminantconcentrationsgreaterthanPRGs. NA NA NA NA NA NA NA NA Yes NA
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5.0 DETAILED ANALYSIS

This section evaluates the advantages and disadvantages of implementing the Remedial
Alternatives described in Section 4.0, using CERCLA criteria (e.g., long term effectiveness
and implementability) and considering potential impacts on various resources and human
values.

This section evaluates the expected performance of each alternative in terms of
evaluation criteria defined in EPAs Guidance for Conducting Feasibility Studies at CERCLA
Sites (EPA 1988). The CERCLA criteria are described in Section 5.1, and the detailed
analyses of the Remedial Alternatives are presented in Section 5.3. Nine different Remedial
Alternatives were developed to provide an appropriate variety of remedial actions for
addressing the contaminants found at the 10 different waste site groups located within the 100
Area (Table 4-2). These alternatives range from no action, to containment, to removal with
subsequent treatment and disposal.

Some alternatives such as in situ compaction are appropriate for only a single waste
site group, while other alternatives such as removal/disposal may be effective at most of the
waste site groups. The applicability criteria described in Section 4.2 are the criteria used to
determine which alternatives can be used at t particular waste site group to effectively
remediate the contaminants known to occur at that waste site group. The applicability
criteria also consider the capability of the re nedial technologies (within the alternative) with
respect to the physical and chemical characteristics of the site and the presence of structures,
such as pipelines or retention basins. Table 4-1 summarizes the analysis conducted in
Section 4.2 and shows which Remedial Alter natives (and technologies) are appropriate at
each of the 10 waste site groups. Table 4-2 provides more detail and lists the applicability
criteria for each of the Remedial Alternativei. These tables show that the Containment
Alternative is applicable for three waste site groups, the Removal/Disposal Alternative may
be appropriate at eight waste site groups, tht removal/soil washing/disposal alternative is
applicable at seven waste site groups, and In Situ Vitrification may be considered at four of
the waste site groups. Most other alternativts are applicable at only one of the waste site
groups.

Section 5.2 also evaluates the potential it fluence that the remedial actions may have
on the natural, cultural, and physical resources at the waste sites. The information on
potential resource impacts is used, in concert with the nine CERCLA evaluation criteria, to
evaluate each alternative. This information ( an also be used to develop mitigation plans to
avoid or minimize impacts. Section 5.2 also discusses issues such as irreversible and
irretrievable commitment of resources and ecmulative impacts.

5.1 EVALUATION CRITERIA DESCRIPTION

Nine CERCLA evaluation criteria have been developed by the EPA to address the
statutory requirements and the technical and policy considerations important for selection of
Remedial Alternatives. These evaluation criteria serve as the basis for conducting the
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detailed analysis during the FFS and for The subsequent selecting of an appropriate remedial
action.

The nine CERCLA evaluation criteria are as follows:

* Overall protection of human health and the environment
* Compliance with ARARs
* Long-term effectiveness and permanence
* Reduction of toxicity, mobility, or volume
* Short-term effectiveness
* Implementability
* Cost
* Regulatory acceptance
* Community acceptance.

The first two criteria, overall protection of human health and the environment and
compliance with ARARs, are termed threshold .riteria. Alternatives that do not protect
human health and the environment or that do not comply with ARARs (or justify a waiver)
do not meet statutory requirements for selection of a remedy; and, therefore, are eliminated
from further consideration. The next five criteria (long-term effectiveness and permanence;
reduction of toxicity, mobility, or volume; shorr-term effectiveness; implementability; and
cost) are balancing criteria upon which the remedy selection is based. The CERCLA
guidance for conducting feasibility studies lsts appropriate questions to be answered when
evaluating an alternative against the balancing c -iteria (PA 1988). These questions are
addressed during the detailed analysis process iM Section 5.3 to provide a consistent basis for
the evaluation of each alternative. The final two criteria, state and community acceptance,
are evaluated following comment on this Process Document, the site-specific FFS, and the
subsequent proposed plan.

The CERCLA evaluation criteria are described as follows:

1. Overall Protection of Human Health and the Environment: This evaluation
criterion determines whether tack alternative provides adequate protection of
human health and the environ neil. Protection includes reduction of risk to
acceptable levels (either by reduction of concentrations or the elimination of
potential routes for exposure) and minimization of exposure threats (introduced
by actions during remediation'. As indicated in EPA guidance, there is
overlap between this protection evaluation criterion and the criteria for
compliance with ARARs, long-teirn effectiveness and permanence, and short-
term effectiveness (EPA 1988 . 'his first criterion is a threshold requirement
and the primary objective of t ie iemedial program.

2. Compliance with ARARs: Each ilternative is assessed for attainment of
federal and state ARARs. WlIen an ARAR is not met, the basis for justifying
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a waiver must be presented. lach of tie following compliances are addressed
for each alternative during the detailed analysis of ARARs:

* Compliance with chemecal specitic ARARs, such as MTCA cleanup
levels

* Compliance with location-specific ARARs, such as wetland regulations

* Compliance with action-specific ARARs, such as closure and
post-closure cap requirtments.

3. Long-term Effectiveness and Permanence: This criterion addresses the results
of a remedial action concerning risks remaining at the site after remedial
action objectives are met. The primary focus of this evaluation is the extent
and effectiveness of the contro s that may be required to manage the risk posed
by treatment residuals and/or untreated wastes. The following components of
the criterion are addressed for each. alternative:

* Magnitude of Residual (isi: This factor assesses the residual risk
remaining from untreated waste or treatment residuals after remedial
activities are completed Tie characteristics of the residual wastes are
considered to the degret that they remain hazardous, taking into
account their volume. texic ty, mobility, and propensity to
bio-accumulate.

* Adequacy and Reliability of Controls: This factor assesses the
adequacy and suitability of controls that are used to manage treatment
residuals or untreated waste that remain at the site. It also assesses the
long-term reliability of management controls for providing continued
protection frorm residua>; and includes an assessment of potential needs
for replacement of technical components of the alternative.

4. Reduction of Toxicity. Mobilityr Volume: This criterion addresses the
statutory preference for selecting remedial actions that employ treatment
technologies that permanently and significantly reduce toxicity, mobility, or
volume of the hazardous substances as their principal element. Permanent and
significant reduction can be ach eved through destruction of toxic
contaminants, reduction of total mass, irreversible reduction in contaminant
mobility, or reduction of total volume of contaminated media. This criterion
focuses on the following specific factors for each of the alternatives:

* The treatment processes ised and the materials they treat

* The amount of hazardou , materials destroyed or treated, including how
the principal threat(s) art addressed
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0 The degree of expected reduction in toxicity, mobility, or volume
measured as a percentage of reduction

0 The degree to which tlie treatment is irreversible

& The type and quantity if treatment residuals that remain following
treatment

& Whether the alternative satisfies the statutory preference for treatment
as a principal element.

5. Short-term Effectiveness: Under 1his criterion, alternatives are evaluated
regarding their potential effects on human health and the environment during
the construction and implementation phases of the remedial action. The
following factors are addressed for each alternative:

* Protection of the community during remedial actions. Specifically, to
address any risk that results from implementation, such as fugitive dust,
transportation of hazardous materials, or air quality impacts from offgas
emission.

* Health and safety of reiediation workers and reliability of protective
ieasures taken.

* Environmental impacts hat may result from the construction and
implementation of the remedial action.

* The amount of time until the remedial action objectives are met.

Human health short-term impacts are closely related to exposure
duration, specifically, the amount of time a person may be exposed to hazards
associated with the waste itself or the removal of the waste. The greater the
exposure time, the greater the potential risk. The remedial action durations
were determined by utilizing a computer cost model developed by
Westinghouse Hanford Company (WHC 1994d). The durations are based on
such things as depth, area, analytical requirements, excavation production
rates, and worker schedule.

Short-term environment;I impacts are related primarily to the extent of
physical disturbance of habitat. Risks may also be associated with the
potential disturbance of sensitivx species (such as the bald eagles) because of
increased human activity in the area.

The evaluation of short-ierni risks can range from qualitative to
quantitative (DOE-RL 1994a). A qualitative assessment of short-term risk is
appropriate for this Process DoCUr ent because the risk associated with
contamination at the waste sites is based on qualitative risk assessments.
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Furthermore, the sites evaluated n this Process Document are high-priority
waste sites that have been ide itified as needing action soon. Because a
ualitative evaluation provides a sufficient differentiation between alternatives

relative to short-term risks, there is no need to quantify short-term health
risks. A general qualitative estinmation of short-term risks is shown below for
both human and ecological receptors. A more detailed evaluation of short-
term risks to human health is presented in Section 5.2.2.5.

Remedial Alternative Quiafitative Short-Term Risks

luman_(Worker) Ecological

Institutional controls low low
Containment medium medium
In situ treatment medium medium
Removal/treatment/disposal high medium to high
Removal/disposa high medium to high

6. Implementability: The implenientability criterion addresses the technical and
administrative feasibility of implementing an alternative and the availability of
the required services and materials. The following factors are considered
during the implementability analysis:

* Technical Feasibility:

- Technical difficutic s in constructing and operating the
alternative

- Likelihood of technical problems associated with implementation
of the iechnology leading to schedule delays

- Ease of impleminting and interfacing additional remedial
actions, if necessary

- Ability to monitor te effectiveness of the remedy.

* Administrative Feasibilijy:

- Ability to coordimatc activilies with other offices and agencies.

- Potential for regulatory constraints to develop (for example,
uncovering buried cultural resources or encountering endangered
species)
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0 Availability of Services and Materials:

- Availability o1 adzquate offsite treatment, storage capacity, and
disposal services, if necessary

- Availability of necessary equipment and specialists and
provisions to (nsure any necessary additional resources

- Availability of services and materials

- Availability of prospective technologies.

7. Cost: The detailed cost anal tsis of alternatives involves estimating the
expenditures required to complete each measure for capital and operation and
maintenance costs. Once these values have been identified and a present worth
calculated for each alternative. (5 % discount rate), a comparative evaluation
can be made.

The cost estimates presented in this section are based on conceptual
designs prepared for the alternative and do not include detailed engineering
data. An estimate of this type, according to EPA guidance, is usually
expected to be accurate withia +50 and -30%.

The cost estimates are presented in 1994 dollars and prepared from
information available at the tume of this study. The actual cost of the project
will depend on the final scope and design of the selected remedial action, the
schedule of implementation, competitive market conditions, and other
variables. However, most of these factors are not expected to affect the
relative cost differences between alternatives.

8. Regulatory Acceptance: This assessment evaluates the technical and
administrative issues and con(erns the state of Washington may have regarding
each of the alternatives. This criterion will be addressed following the agency
review of this document and he Droposed plan.

9. Community Acceptance: Thi, assessment evaluates the issues and concerns
the public may have regardiny each of the alternatives. This criterion will be
addressed following public review of this document and the proposed plan.

Once the alternatives have been desc ibed and individually assessed against the
CERCLA evaluation criteria, a comparative analysis is conducted on a group-specific basis to
evaluate the relative performance of each alternative in relation to each specific evaluation
criterion. This is in contrast to the preceding a ialysis where each alternative was analyzed
independently without consideration of other alternatives. The comparative analysis is
presented in Section 6.0.
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5.2 COMMON EVALUATION CONSIDERATIONS

In addition to the nine CERCLA critkria. specific environmental resources (such as
air quality) and NEPA issues (such as cumulative impacts) are considered during the
selection of Remedial Alternatives. Consideration of environmental resources and NEPA
issues are required to meet the DOE Secretai ial Policy on NEPA, and provide a complete
evaluation of the Remedial Alternatives. Several of the CERCLA evaluation criteria involve
consideration of environmental resources, bu th7 emphasis is frequently directed at the
potential effects of chemical contaminants on liv ng organisms. Environmental resources in
the NEPA context also includes consideratioi of potential effects on resources, such as
transportation, air quality, socioeconomic, and visual resources. Also, the NEPA process
involves consideration of several issues, such as indirect and cumulative impacts, the
irreversible and irretrievable commitment of esources, and the actions that may be taken to
avoid or mitigate environmental impacts. The NEPA-related resources and issues are
described in Section 5.2.1 and 5.2.2 below.

5.2.1 Resources

5.2.1.1 Transportation Impacts. The proposed Remedial Alternatives are not expected to
create any long-term negative transportation impacts. If adverse impacts to transportation are
detected, remedial activities will be modified or stopped until the problem is mitigated.

The No Action and Institutional Control Alternatives will riot affect transportation.
These alternatives will not require the transport of any equipment, construction materials or
waste. Commuter traffic flow would not increase or decrease.

The Containment, Removal/Disposal, In Situ Treatment, and Removal/Treatment/
Disposal Alternatives will require transport oF equipment, construction materials and solid
waste that could result in transportation impacts. The construction-related and commuter
(worker) traffic flow for the Removal/Disposal and Removal/Treatment/Disposal Alternatives
would be higher than for the containment and In Situ Treatment Alternatives.

5.2.1.2 Ecological Impacts. The No Actior and Institutional Control Alternatives would
not affect existing natural resource conditions However, these alternatives do not include
revegetation or other habitat enhancement actions. Without revegetation or other habitat
enhancement efforts, most sites would not be restored to a native condition.

The Containment, Removal/Disposal, n Situ Treatment, and Removal/Treatment/
Disposal Alternatives would destroy existing >egutation at a waste site. In most cases, this is
a minor impact because most waste sites in the 100 Area have already been severely
disturbed. Contaminant removal or onsite contaiiment, followed by revegetation and
restoration efforts would benefit natural resou-ces in the long term.

5.2.1.3 Air Quality Impacts. Hanford Site jir juality is generally good. The proposed
remediation alternatives are not expected to ci use long- term negative impacts to existing air
quality. Site restoration and revegelation effo-ts vill preclude long-term wind erosion
problems due to remediation activities.
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The No Action and Institutional Control Alternatives would not affect short-term air
quality. However, the Containment, Removal/Disposal, In Situ Treatment, and
Removal/Treatment/Disposal Alternatives wil generate fugitive dust. Dust controls and
other mitigative measures will be used as netded to ensure that short-term impacts on air
quality are minimized.

5.2.1.4 Cultural Resource Impacts- For 00 Area waste sites where cultural resources are
present, mitigative measures will be implemented to ensure that cultural resource concerns
are properly addressed.

The No Action and Institutional Control Alternatives are not expected to disturb
cultural resources. However, if cultural resources are contaminated or legitimate access to
cultural resources is denied due to contamination levels, these alternatives may not be
appropriate.

The Containment and In Situ Treatmnit Alternatives would contain or treat the wastes
in place, and therefore would also leave any existing cultural resources in place. However,
cultural resources are not expected to occur at waste sites that have already been disturbed.
The alternatives would generally result in the protection of cultural resources adjacent to the
waste site because remedial activities would be confined primarily within the boundary of the
waste site.

The potential for the Removal/Dispo al and Reimoval/Treatment/Disposal
Alternatives to disturb cultural resources wot ld be high. Actions to mitigate adverse impacts
to significant cultural resources would be required before initiating these alternatives.

5.2.1.5 Socioeconomic Impacts. The outloik tor the Tri-Cities economy is uncertain. The
local economy could decline or grow in the text 30 years depending on economic activity not
directly related to DOE and the Hanford Site Near-term reductions in the Hanford Site
work force will probably have a negative impact on the local economy.

If the No Action and Institutional Con rol Alternatives are implemented, activities in
the 100 Area would be limited to maintenance, s:curity and routine monitoring. These
alternatives fail to achieve the principles adopted by the Hanford Advisory Board Work
Group for cultural/socioeconomic impacts. There would be no transition of the work force to
provide economic stability. These alternatives wculd do little to provide economic
diversification because of the minimum employrnent levels. The demand for recreational
services, social services, facilities, and activit es . xerted by the few employees associated
with the 100 Area and their families would b minninal.

The socioeconomic impacts of the Cut tainment and In Situ Treatment Alternatives
would be relatively minimal. Workers would be employed for several years to perform the
work associated with these alternatives. These alternatives meet the principles established by
the Hanford Advisory Board Work Group for cultural/socioeconomic impacts. These
alternatives allow for work force transition frem scientific/engineering to the excavation and
construction trades. Effects on social service, and recreation would probably be
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imperceptible because of the few employees involved. The effects on public services such as
water supplies and waste water treatment facilities would be minimal.

If the Removal/Disposal and Remova /Treatment/Disposal Alternatives are
implemented, workers would be employed te remove contaminated material, perform site
restoration, and transport contaminated mate ials to a disposal site. The number of
employees involved in these activities would be higher than employment levels for the
containment and the In Situ Treatment Alterratixes. Nonetheless, the impact would be minor
compared to the overall Tri-City area employ ment. The growth in the local government tax
base associated with increases in housing and commercial activity resulting from these
alternatives would be insignificant. These aliernatives achieve the principles adopted by the
Hanford Advisory Board Working Group for cultural and socioeconomic impacts. The
demand for recreation, social services, and p iblia services caused by employees and families
associated with these alternatives would be many times that exerted by the No Action
Alternative and about three times greater than the Containment Alternative. Nevertheless,
the demand would still have only a very small effect on dhe Tri-Cities capacity to
accommodate these needs.

5.2.1.6 Noise and Visual Resources Impacts. No long-term noise or visual resource
impacts are anticipated from any of the Remedial Alternatives under consideration. The
installation of above-grade barriers could potentially impact visual resources. Noise
increases in the 100 Area would return to background levels following remediation. Visual
impacts will be mitigated through site revegetation and habitat restoration actions.

If the DOE relinquishes control of the 100 Area, long-term impacts are anticipated for
noise and visual resources for all the alternatiues, except the No Action Alternative. The
anticina-ed impacts would be from increased uoisc levels and/or impacts to visual resources
from developments (e.g., housing, agriculture) of the 100 Area.

No adverse short-term impacts to noist or visual resources are anticipated for the No
Action or institutional Control Alternatives. Yporadic and temporary short-term impacts to
noise levels would occur because of transportation and construction activities under any of
the action alternatives. Short-term visual resource impacts are anticipated during site
remediation. These short-term impacts could be mitigated by minimizing the footprint of the
remediation zone to the extent possible. The Containment, Removal/Disposal, In Situ
Treatment, and Removal/Treatment/Disposal Alte natives are expected to affect short-term
noise levels in the 100 Area. Noise mitigatiou would be instituted to minimize short-term
impacts. All equipment and vehicles would be equipped with mufflers or other noise-
reduction devices.

5.2.2 Issues

5.2.2.1 Mitigation Measures. The primary objective of mitigation is avoidance. If adverse
impacts cannot be avoided, remedial action planning should minimize adverse impacts to the
extent practicable through implementation of nwitigation measures. Mitigation measures may
also include restoring or protecting other areas within the Hanford Site or off site to
compensate for damages that may be incurred luring the cleanup effort.
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Natural resources, for the purposes of mitigation, are considered to be physical
resources such as land, water, and air; biological resources such as wildlife habitat or plants
and animals; human resources such as remedial workers, and cultural resources such as
Indian artifacts or historical sites. Studies have been conducted at the operable units within
the 100 Area to characterize these resources There are current ongoing and planned studies
to complete the characterization of these resources where necessary. With this information,
the natural resources will be fully described before developing the conceptual designs for
remedial action.

This Process Document presents infomauion on general mitigation . proaches and
actions. However, because the Process Dociment deals with waste site groups rather than
specific waste sites, and the Remedial Alternative has not been selected yet, this report does
not present specific mitigation plans. The completion of detailed mitigation plans will occur
during the conceptual and preliminary design of the selected Remedial Alternative.

Natural resources can be impacted in a v iriety of ways during implementation of
remedial actions, - Forexample excavation<,reattentand construction activities can
unnecessarily destroy wildlife habitat; disrup normal breeding, nesting, or feeding activities
of animals; increase wind and water erosion; or unearth native Indian artifacts. Final
mitigation measures, to either eliminate or reduce the adverse consequences of the remedial
activities, will be developed as an integral cc rnponent of the remedial design. The mitigation
plans will be incorporated into the design specifications, and also made part of the
contractual obligations for remedial contracters working on the site. In that way, mitigation
becomes an integral component of the rened!al activities.

The following general mitigation nea ures are examples of actions that may be taken
to protect the physical, biological, human, ai d c itural resources that occur in the 100 Area:

Physical Resources

* Stockpile topsoil when possibli.

* Minimize the width of construction corridors, the size of equipment yards and
parking lots, and the amount of cut and fill required.

* Place equipment yards, treatment ,ystens, and support services in formerly
disturbed areas when possible.

a Develop and implement erosion centrol plaits.

* Curtail or halt operations durirg h-gh wirid periods.

* Suppress fugitive dust with waler, commercial suppressants, or temporary
mulches.

* Prevent runoff and sediment tn nsport to wetlands and the Columbia River.
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Biological Resources

* Avoid wetlands, riparian hab tats, and other sensitive areas when possible.

* Restrict the removal or destri ction of trees.

* Use native species for revege ation or, when possible, plan for successional
replacement of temporary ground cover with native species.

* Comply with the bald eagle nianagement plan.

* Schedule construction activitih s to avoid breeding, nesting, winter roosting,
and other sensitive seasonal ativ ties.

* Prepare biological resource mtnagerment plans.

* Work with DOE. the U.S. Fi h and Wildlife Service, and the U.S. Army
Corps of Engineers to nitigati in pacts to wetlands.

e When possible, rectify impacti that cannot be avoided or minimized.

Human Resources

* Develop health and safety plar s to protect onsite workers.
* Implement rigorous health and safety protocols.
0 Minimize exposure to contami ants.
* Minimize generation of fugitivc dust.
* Monitor air quality.
* Practice ALARA.

Cultural Resources

a Complete cultural resource sur'eys of areas to be remediated before
implementing any action.

* Complete data recovery and analysis plans, have these approved by the State
Historic Preservation Office, and conduct data recovery and analysis before
initiating remedial actions.

* Develop cultural resource actiot plans for each reactor area.

* Train construction workers to r ,cognize and report potential cultural resources.

* Work with the Indian nations ti identify traditional use sites, prepare cultural
resource mitigation plans, and (val iate the sensitivity of each waste site area.
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5.2.2.2 Irreversible and Irretrievable Commitment of Resources. The alternatives that
leave contaminated material in an operable unit would result in commitment of land-to-waste
management, institutional controls, and monitoring. Although contamination left in place
could be removed in the future, such removfl would waste money spent on a surface barrier
or in situ treatment, and would be more expensive than immediate removal. Selection of an
alternative that leaves contamination in the coerable unit should be considered an irreversible
and irretrievable commitment of land-to-wasie management.

Remediation of the 100 Area will requirt the irreversible commitment of millions of
federal dollars. Depending on the Remedial Alternative, other irreversible commitments of
resources include importing soil and rock for barriers and using consumables such as fuel,
electricity, chemicals, and disposable protective equipment.

If sensitive habitats or cultural resources are involved in remedial actions, mitigation
measures will be taken to minimize impacts. However, irreversible damage could occur to
habitats, flora, and fauna during remediation Ii is also possible that cultural resources could
be destroyed during the remedial action.

5.2.2.3 Indirect and Cumulative Impacts. Based on improvements to the overall
protection of human health and the environment, the net cumulative impact of the remedial
actions is expected to be positive. Remedial actions will remove or isolate the contaminants,
make land in the 100 Area available for other uses, and generally restore natural resources.
Negative impacts from remediating the opera le units within the 100 Area, as discussed in
Sections 5.0 and 6.0, are expected to be min r and short term. However, there is potential
for indirect and cumulative impacts as a result o remediating any one operable unit within
the 100 Area.

Remedial activities at any one of the I )perable Units in the 100 Area may potentially
involve cumulative impacts due to interactions with other projects within the 100 Area, as
well as interactions with other projects within the Hanford Site or along the Columbia River.
For the purposes of this Source Operable Un t FFS, it was assumed that interactions with
projects outside the Hanford Site, except for he Columbia River, would be insignificant
because of the remote location of the 100 Area relative to the Tri-Cities and major
agricultural operations in the region.

The potential indirect and cumulative mpacts of remedial actions and other activities
within the 100 Area will be dependent upon the scheduling of the remedial action at one site
relative to the remedial actions at the other numerous operable units, and the scheduling of
other activities within the 100 Area. Indirect and cumulative impacts may result from the
interaction of activities at:

0 Other source operable units
* Groundwater operable units
e D&D activities
0 Treatability studies
e Expedited response actions
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Cumulative and indirect impacts in the 100 Area will be greater if remedial activities
at several operable units occur at the same time. Conversely, if the work can be properly
sequenced cumulative impacts can be reduced or avoided. Because most of the above
remedial actions and activities are still in the planning stage, coordination during the planning
and initial implementation of the various projects will be necessary to reduce indirect and
cumulative impacts.

Indirect and cumulative impacts may also occur because of interactions with projects
outside of the 100 Area. Remedial actions, reatability studies, and D&D work are also
occurring in the 200 and 300 Areas, and othsr portions of the Hanford Site. Also, there are
two central disposal facilities (located within the 200 Area) that are currently being developed
to accept wastes from most of the waste sites (if disposal is a component of the remedial
action). Likewise, clean fill materials needed to remediate many of the waste sites may
come from a limited number of borrow pits. Tie schedules, demands on labor and
equipment resources, requirements for disposal \olume and fill material, and budget needs
must all be considered under the issue of cumulative impacts. The indirect effects of these
numerous projects on transportation, restoration ')f natural resources, and future land use
must also be considered.

Remediation of the 100 Area operabkc units should lead to long-term cumulative
benefits to natural resources as a result of removing or controlling contaminants, revegetating
currently disturbed and denuded areas, and restoring natural habitats. The Columbia River
and the riparian ecosystem along the river should also benefit from the cumulative actions at
the 100 Area and other portions of the Hanford Site.

5.2.2.4 Environmental Justice. The Enxironmental Justice Executive Order (E.O. 12898,
February 1994) states:

"Each federal agency shall male achieving environmental justice
part of its mission by identifyiig and addressing as appropriate,
disproportionately high and ad erse human health or
environmental effects of its programs, policies, and activities on
minority populations and low-i come populations. "

Low-income and minority populations involved in Hanford Site remedial actions
include members of the Native American groups and local agricultural employees. The
proposed alternatives have been assessed for pote itial disproportionate impacts to these low-
income and/or minority populations.

The objectives of the Environmental Jistice Executive Order may not be met by the
No Action and Institutional Control Alternativws. Native American groups that use the
Columbia River for fishing and wildlife recreatioi are concerned about potential adverse
human health effects from contaminants located o the Hanford Site. Compared to other
alternatives, the No Action and Institutional Cintrol Alternatives represent a low risk of
inadvertent excavation of Native American culur2l resources.
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The Containment, Removal/Disposal, In Situ Treatment, and Removal/Treatment/
Disposal Alternatives comply with the objectives of the Environmental Justice Executive
Order. Construction activities would provide employment for the low-income workers,
including a small number of new general labor (unskilled) jobs. However, excavation always
poses the risk of unearthing Native American burials. Consequently, the risk of an adverse
impact on Native Americans is disproportiomtely large compared to other segments of the
population. The containment or removal alte natives, however, reduce or preclude the
possibility of long-term lateral migration of contaminants from current locations to the
Columbia River. These alternatives, with appropriate mitigation actions, will generally
address Native American concerns.

5.2.2.5 Short-term Impacts to Humnan Health Short-term impacts to human health
during implementation of a remedial action c -n be grouped either as potential impacts to
workers performing the remedial action or potential impacts to the community. Potential
impacts to workers include physical hazards associated with construction activities, and
exposures to chemical or radionuclide contaminants. Physical hazards to workers include
slip, trip and falls, operation of heavy equipment excavation and trenching, sharp objects,
operation of motor vehicles, lifting hazards, beat and cold stress and noise. Contaminant
exposure hazards include incidental ingestion )f soil, inhalation of fugitive dust generated
during remedial action and external exposure o radionuclides. Potential impacts to the
community would largely be associated with i ihalation of fugitive dust generated during
remedial action.

Fhysical and contaminant exposure hazard; to workers will vary with the magnitude
of contamination in soil and the type of remecial action o be performed at a site. In
general, potential hazards to workers will be lower for Remedial Alternatives that do not
involve extensive contact with contaminatcd soils and wastes. The relative risks to workers
potentially associated with the different Remeoial Alternatives were evaluated with an activity
hazard analysis. Remedial Alternatives assessed n the activity hazard analysis were as
follows:

0 Institutional Controls, which int lude security and monitoring

* Containment, which includes R7RA barrici construction, surface runoff
control, groundwater monitoring ard deed restrictions

* In Situ Treatment, which includes grout injection, compaction, or vitrification

a Removal and Disposal, which includes site preparation, excavation, possible
demolition, and transport to an ipproved disposal facility

* Removal, Ex Situ Treatment, aid Disposal, which includes site preparation,
excavation, treatment, and disposal of residuals.

Specific work activities were identified for each Remedial Alternative, based on FFS-
level information. Each work activity was ev lua ed to determine which of the following
hazards could be associated with that activity.
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e Slip, trips, and falls
0 Heat and cold stress
0 Heavy equipment operation
0 Excavation and trenching
* Sharp objects
* Vehicular operation
e Lifting and materials handling
* Noise
* Contaminant exposure.

The severity of these potential hazards were evaluated qualitatively by review of the
anticipated work activities for each alternatixe. For example, alternatives involving removal
could involve greater hazards associated with heavy equipment and vehicular operation
because of the excavation and transport of wastes to treatment and disposal facilities.
Alternatives involving removal also have hazards associated with excavation, that are not
likely to be present with other Remedial Altrnatives. Finally, each alternative other than
institutional controls are associated with potential contaminant exposure hazards by bringing
workers into proximity with contaminated soils and wastes. Potential exposures of workers
in proximity to radionuclides in soil at site 1 16-C-5 were evaluated using the RESRAD
model. The modeling results indicate that potential exposures from external exposure at this
site could exceed the DOE standard for worker exposure of 5 rem/year. These estimated
exposures are less likely to be associated with the Institutional Control Alternative, because
work activities for this alternative do not briig workers into proximity with contaminated
soils and wastes.

The ranking of risks to workers assoc ated with each Remedial Alternative, based on
the activity hazard analysis, is summarized ir Table 5-1.

As discussed previously, potential impactb to the surrounding communities are
associated with emissions of airborne contain naits, either in fugitive dust generated during
remedial action, or during treatment activities, Information developed in the Hanford
Emergency Response Plan indicates that the closest residents are located 3 miles from the
Hanford Site. A small portion of a sparsely populated area of southern Grant County
represents the community closest to the 100 Area. Potential airborne contaminant exposures
to offsite residents were evaluated for contaminants at site 116-C-5, assuming that remedial
action produces a continuous concentration of 0. mg/rn of dust in air. This dust
concentration, based on assumptions presenteo in the RESRAD model (Yu et al. 1993),
accounts for relatively short periods of time of high dust emissions to the air (such as during
excavation) along with lower levels of dust ei ussions associated with other work activities
and windblown dust. Dust emissions were as umied to occur entirely from contaminated
soils. The results from this analysis indicate hat onsite concentrations of radionuclides in air
were less than 1% of the DOE standards for prot ction of the offsite public. Concentrations
at offsite locations are likely to be lower beca ise of dilution in air. Therefore, airborne
contaminants associated with remedial actions are not likely to represent an impact to offsite
communities.
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5.3 DETAILED ANALYSIS OF ALTERNATIVES

The group profiles, defined in Sectio. 3.3, are compared against the applicability
criteria and enhancements for each alernativ: defined in Section 4.0. Tables 4-1 and 4-2
show the results of this comparison and summarize applicable alternatives for each waste site
group. In this section, each alternative is ti en -valuated in terms of the CERCLA threshold
and balancing criteria (EPA 1988) (Tables 5 2 through 5-10).

A cost estimate is prepared for each x aste site group based on a representative waste
site. Appendix B includes a summary of the cost estimates for each waste site group, a table
indicating the present worth calculations, and a graph presenting the effect of disposal cost
on the alternative cost. The cost models cre .ted for the 100 Area FFS are presented in 100
Area Source Operable Unit Focused Feasibitty Study Cost Models (WHC 1994d).

5.3.1 No Action

The applicability criteria defined in Section 4.2. 1 and shown in Table 4-2 must be
met before implementing the No Action Alternative. The only waste site groups that meet
the applicability criteria are the seal pit cribs ane the D&D facilities.

Based on the discussion concerning D&D facilities presented in Section 3.1.7, and the
existing data on seal pit cribs, it is assumed that there is no current threat warranting an
interim action. Therefore, the CERCLA threshold criteria are met because current
contamination levels are assumed to be at acceptable levels. Table 5-2 presents the analysis
of the No Action Alternative for the seal pit ,ribs and D&D facilities. Because none of the
other waste site groups meet the applicability criteria for no action, implementing no action
would leave levels of contaminants at the waste site that may pose human health or
environmental risks, and may not comply with ARARs. No action, in this case, would not
provide long-term protection, and would not educe mobility, toxicity, or the volume of the
wastes.

5.3.2 Institutional Controls

The applicability criteria defined in Section 4.2.2 and shown in Table 4-2 must be
met before implementing the institutional controls alternative. No waste site groups meet the
applicability criteria; therefore, this alternative is not evaluated any further in this Process
Document. If a specific waste site meets the applicability criteria for institutional controls
based on information in an operable unit specific FFS, then this alternative will be analyzed
in that FFS.

5.3.3 Containment

The applicability criteria defined in Section 4.2.3 and shown in Table 4-2 must be
met before implementing the Containment Alternative. The waste site groups that meet the
applicability criteria are as follows:

a Dummy decontamination cribs/ rench drains
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* Pipelines
* Burial grounds.

The detailed analyses for the soil and solid waste site groups that can be remediated
using containment are shown in Tables 5-3 and 5-4. The CERCLA evaluation criteria are
evaluated for all waste site groups as a wholc, wk ith specific details being noted separately for
an individual waste site group as necessary.

5.3.4 Removal/Disposal

The applicability criteria defined in St ction 4.2.4 and shown in Table 4-2 must be
met before implementing the Removal/Disposal Alternative. The waste site groups that meet
the applicability criteria are as follows:

* Retention basins
0 Sludge trenches
* Fuel storage basin trenches
* Process effluent trenches
0 Pluto cribs
* Dummy decontamination cribs/ french drains
0 Pipelines
* Burial grounds.

The detailed analyses for the soil and :olid waste site groups that can be remediated
using this alternative are shown in Tables 5-5 and 5-6. The CERCLA evaluation criteria are
evaluated for all waste site groups as a whole with specific details being noted separately for
an individual group as necessary

5.3.5 In Situ Treatment

The applicability criteria defined in Section 4.2.5 and shown in Table 4-2 must be
met before implementing the In Situ Treatment Alternative. The waste site groups that meet
the applicability criteria are as follows:

* Sludge trenches
* Process effluent trenches
a Pluto cribs
* Dummy decontamination cribs/irench drains
* Pipelines
* Burial grounds.

The detailed analyses for soil and solid waite site groups that can be remediated using
in situ treatment are shown in Tables 5-7 and 5-8. The CERCLA evaluation criteria are
evaluated for all waste site groups as a whole, with specific details being noted separately for
an individual group as necessary.
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5.3.6 Removal/Treatment/Disposal

The applicability criteria defined in Section 4.2.6 and shown in Table 4-2 must be
met before implementing the Removal/Treatment/Disposal Alternative. The waste site
groups that meet the applicability criteria are as follows:

* Retention basins
0 Sludge trenches
* Fuel storage basin trenches
0 Process effluent trenches
& Pluto cribs
* Dummy decontamination cribs/french drains
* Pipelines
* Burial grounds.

The detailed analyses for soil and solid waste site groups that can be remediated using
this alternative are shown in Tables 5-9 and 5-10. The CERCLA evaluation criteria are
evaluated for all waste site groups as a whole, with specific details being noted separately for
an individual group as necessary. The reduced volume achieved through treatment will
decrease the burden on the capacity of the disposal facility.
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Table 5-1. Relative Risks to Workers
Associated with Remedial Alternatives.

~ThAh

Remedial
Alternative

Institutional
Controls

Containment

In situ Treatment

Contaminant
Exposure
Hazards

Low

Medium

Medium

Removal/Disposal High

Removal/Treatment/
Disposal

High

Physical
Hazards

Conunents

ILow Alternative unlikely to bring
workers into proximity with
contaminants; alternative
involves limited operation of
heavy equipment or vehicles

Medium

Medium

High

High

Contaminant exposures may be
lower than removal alternatives
for sites with high
concentrations in subsurface
soil; alternative involves heavy
equipment operation, but
limited excavation, if any

Contaminant exposures may be
of concern for sites with high
concentrations of external
emitters (i.e., Cs-137) in
shallow soils; alternative
involves heavy equipment
operation, but limited
excavation, if any

Alternative brings workers into
proximity with contaminants in
soil and wastes; alternative
involves substantial heavy
equipment and vehicular
operation and excavation

Alternative brings workers into
proximity with contaminants in
soil and wastes; alternative
involves substantial heavy
equipment and vehicular
operation and excavation;
additional contaminant exposure
hazards are associated with
treatment plant operations
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Table 5-2. Detailed Analysis of the No Action Alternative (SS-1/SW-1).
(Applicable to seal pit cribs and decontamination and decommissioned facilities.) (Page 1 of 4)

OVERALL PROTECTION OF
HUMAN HEALTH AND THE

ENVIRONMENT
Will risk be at acceptable levels? Yes. No contan riant remain above levels that would pose a risk to human health and

the environment

Timeframe to achieve acceptable levels? Acceptable level , already exist.

Will the alternative pose any unacceptable No adverse impacts wIl1 occur because no action is proposed.
short-term or cross-media impacts?

Will the alternative impact natural resources? The site will be lft in its current condition. Many sites have been physically disturbed
and are currently pool habitat for wildlife.

What restoration actions may be necessary? No restoration is proposed.

Will residual contamination (following No contamination above acceptable levels exists at the site.
remediation) be a potential problem?

COMPLIANCEWITH ARARs
What are the potential ARARs? I. Chemical-specific ARARs arc listed in Appendix C.

2. Location-spet fic ARARs are listed in Appendix C.
3. Action-specific ARARs are listed in Appendix C.

Will the potential ARARs he met? 1. Chemical-spe ific ARARs will be met because contaminants are already at acceptable
levels.

2. Location-spelfic ARARs should be met because no action will be taken to disturb the
area proximate to tile waste site.

3. Action-specific ARARs do not apply because no action is taken.

Basis for waivers? If waivers are necessal y they will be determined in the RiD.

What are the potential TBC? I. Chemical specific 'n be considered" requirements are listed in Appendix C.
2. Location-specific "in be considered" requirements are listed in Appendix C.
3. Action-specifi, "to be considered" requirements are listed in Appendix C.

Is the alternative consistent with the TBC? 1. Chemical-specific o be considered" requirements will be met because contaminants
are already at acceptable levels.

2. Location-spext fic "Is. be considered" requirements should be met because no action
will be taken o disurb the area proximate to the waste site.

3. Action-specifi. "to le considered" requirements do not apply because no action is
taken.

Will implementation of the alternative comply 1. Chemrical-spe fic RARs are met by existing conditions.
with ARARs regarding protection, restoration, 2. LIcation-specific ARARs should be met with regards to impacts on the environment
and enhancement of natural resources and because no action is taken. However, the alternative does not include enhancement

'protection of cultural resources? or restoration activiies.
3. Action-specific ARARs will be met because no action is proposed. Cultural

resources will not be disturbed because no action is proposed.

What difficulties may be associated with
compliance to ARARs?

Chemical-specific ARA Rs will be complied with and action-specific ARARs do not apply
because no action is pro posed. No action may or may not comply with location-specific
ARARa.
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Table 5-2. Detailed Analysis of ihe No Action Alternative (SS-1/SW-1).
(Applicable to seal pit cribs and decontamination and decommissioned facilities.) (Page 2 of 4)

LONG-TERM EFFECTIVENESS
AND PERMANENCE

What is the magnitude of the remaining risk? Remaining risks are (qual to prremediation risks because no action is taken. The
remaining risks woolI be it acceptable levels.

What remaining sources of risk can be Noie.
identified?

What is the likelihood that the technologies Not applicie.
will meet performance needs?

What type, degree, and requirement of long- No long-term t snaginent required.
term management is required?

What O&M functions must be performed? No O&M requiremens are planned under no action.

What difficulties may be associated with long Not applicalle.
term O&M?

What is the potential need for replacement of Not applicalle.
technical components?

What is the magnitude of risk should the Not applicable.
remedial action need replacement?

What is the degree of confidence that controls Not applicablc.
can adequately handle potential problems?

What are the uncertainties associated with Net applicable,.
land disposal of residuals and untreated
wastes?

Will the alternative provide long-term No. No contamiatiot above accepliable levels currently exists, but the alternative
protection of natural resources? provides no restoration or environmental enhancements.

Will terrestrial habitats be degraded or There will be no chanie from vutrent terrestrial habitat quality. Current quality is
enhanced? considered subst ndar.
H1ow will the remedial action affect the overall Because no action is tken, the quality of the ecosystem will remain in its current state,
quality of the ecosystem? which is considered pc r from an ecological standpoint.

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME

Does the treatment process address the
principal threats?

Are there any special requirements for the
treatment process?

What portion of the contaminated material is
treated/destroyed?

To what extent is the total mass of toxic
contaminants reduced?

To what extent is the mobility of contaminants
reduced?

Nii treatment pro lose(

N, treatment pro iosee

No contamirants re 0: ted or destroyed.

No contamind nts boyi acceptabe levels are present.

No treatment pro osed
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'Table 5-2. Detailed Analysis of the No Action Alternative (SS-1/SW-1).
(Applicable to seal pit cribs and decontamination and decommissioned facilities. (Page 3 of 4)

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME

To what extent is the volume of contaminated No treatment proiosed
media reduced?
To what extent are the effects of the treatment No treatment prol'osed
irreversible?
What are the quantities of residuals and No residuals ire rose t.
characteristics of the residual risk?
What risks do treatment of residuals pose? No treatment proposed,12_
Is treatment used to reduce inherent hazards No treatment proposed
posed by principal threats at the site?

How does the proposed treatment impact No tre ment pro >osed
natural resources?

Does the alternative result in a gain or loss of No change would resul, Icaving ihe site at its current low quality with respect to natural
quality at the site for natural resources? resources.

Will implementation of the alternative result No impact becau 0 [o :ction is p oposed.
in short-tern impacts to natural resources
(e.g., exposure of ecological receptors to
physical or chemical impacts, noise, intrusion
to habitat and special breeding areas,
temporary displacement, seasonal restrictions
on habitat use)?
Will the natural resource restoration activities No restoration pr pose.
associated with this alternative be easily
implemented?

Will long-term maintenance and monitoring No mitigation/restorati n proposed.
of mitigation/restoration efforts and activities
be necessary?

SHORT-TERM EFFECTIVENESS
What are the risks to the community during
remedial actions, and how will they be
mitigated?

What risks renain to the community that
cannot be readily controlled?

What are the risks to the workers, and how
will they be mitigated?

No risks to coutnmonity associated w ith implementation of the No Action Alternative.

Not applicah!e

Not applicable

What risks remain to the workers that cannot Not tpplicable
be readily controlled?

What environmental impacts are expected with Not aipplicable
the construction and implementation of the
alternative?
What are the impacts that cannot be avoided Not applicable
should the alternative be implemented?

How long until remedial response objectives . Remodial actio a of jecti' es ie alreity achieved.
are achieved?
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Table 5-2. Detailed Analysis of the No Action Alternative (SS-1/SW-1).
(Applicable to seal pit cribs and decontamination and decommissioned facilities. (Page 4 of 4)

IMPLEMENTABILITY
What difficulties and uncertainties are Not applicable.
associated with construction?
What is the likelihood that technical problems Not applicable.
will lead to schedule delays?

What likely future remedial actions are Because risks art at aceptable levels, no future actions are anticipated. However, the
anticipated? release of the sit, from. all controls will be reevaluated during the final RI/FS activities.

What risks of exposure exist should No monitoring is requ red
monitoring be insufficient to detect failure?

What activities are proposed that require Not applicable.
coordination with other agencies?

Are adequate treatment, storage capacity, and Not applicable
disposal services available?

Are necessary equipment and specialists Not applicable.
available?

Are technologies under consideration Not applicable.
generally available and sufficiently
demonstrated or will they require farther
development before they can be applied at the
site?
Will more than one vendor be available to Not applicable.
pr.AvidA a competitive bid?

COST :CAPITAL O&M RMSENT
No costs associated with the
alternative, because no action
will be taken.

Not applicable ot applicable.

ARAR - applicable or relevant and appropriate requirement
O&M - operation and maintenance
RAO - remedial action objectives
PRG - preliminary remediation goals
TBC - to be considered
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Table 5-3. Detailed Analysis of tht Containment Alternative (SS-3/SW-3).

(Applicable to the dummy decontamination cribs/french drains,
pipelines, and burial grounds waste site groups) (page 1 of 4)

OVERALL PROTECTION OF
HUMAN HEALTH AND THE

ENVIRONMENT

Will human health risk be at acceptable
levels?

Timeframe to achieve acceptable levels?

Will the alternative pose any unacceptable
short-term impacts to humans?

Will the alternative impact natural
resources"'

What restoration actions may be necessary?

Will residual contamination (following
remediation) be a potential oroblem?

Yes. Risk is at cceplable levels by elimination of potential pathways through
installation of an engiteered barrier. The engineered barrier limits direct exposure
pathways to hun an receptors.

SS -3: Constituet coicentrations are below levels that could impact groundwater under
the reduced ilifili-atioo allowed by the barrier based on evaluation of constituent
concentrations.

SW-3: Coliititu. it ci neitrations are assumed to be below levels that could impact
groundwater rnd :r the reduced infiltration allowed by the barrier.

Acceptable risk I vets are achieved at the completion of the remedial action. The
duration of the r medi rI action is estimated, based on the representative site for a given
group, as fol ow :

duimmy deconta inati tiribs/freijch drains: 0.1 yr
pipelines: .4 y

burial grounds: 1 y

No cross-media i npacts will be introduced by the alternative. Workers will not be
exposed to the contaminants during implementation. Risks to workers during
implenentation cin be minimized through engineering controls and proper health and
safety protocols. Short-term risks to humans is low to medium.

'his alternati.e v ill remnove/destry existing vegetation at the waste site. However,
most waste sires iave ilready been extensively disturbed. Cultural and natural resource
impacts to adjaceit areas can be minimized because no excavation or transportation of
wastes is requiret . L( rig-tern benefits outweigh the significant short-term effects
becauseany site estorition and/or revegetation efforts will benefit natural resources
over the lonen t
Revegetation of a love grade barrier is required. Restoration of above-grade barrier
provides oppirtui ity ti increase tiabitat diversity Revegetation techniques are well
established.

Wastes will be r.le on rte; a barr will reduce exposure of plants and animals to
contaminants. Pl. ot roots and burrowing animals may impact integrity of the cap over
time. Maintenan e wilt be required. Long-term potential risk is medium.

COMPLIANCE WITH ARARs
Will the potential ARARs be met? I. Yes. Chemica spe, itic ARARs (listed in Appendix C) will be met to the extent

placticable by . ectiig RAO and eliminating exposure pathways.
2. Yes Localion spec, ie ARAR.S listed in Appendix C) can be met to the extent

pacticable thr igh Iroper planning and scheduling.
3. Yes. Action-sI Ceitt. ARARS (listed in Appendix C) are met to the extent practicable

trough approp late tesign and operation. The actions will be designed and operated
t( be compliiani with the ARAl.

Basis for waivers? If waivers are ' ,ecesai, they will be determined in the ROD.

Is the alternative cunsistent with the "to be I. Yes. Altrnati c is onistent wth chemical specific "to be considered" requirement
considered" requirements? k! stel in Appe dix . The 'IT are developed to comply with "to be considered"

i Cquirentcis
2. Yes. Alteruati ' is sn istent oth location specific "to be considered" requirement

(itsled in Appe dix(
3. )e s. Actio i sp ciit 'to be comiered" requirement (listed in Appendix C) are

onsistent w ith ictiol The a, .;n will be designed and operated to be compliant
wi th the t, be :outt ered" reqirement.
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Table 5-3. Detailed Analysis of the Containment Alternative (SS-3/SW-3).

(Applicable to the dummy decontamination cribs/french drains,
pipelines, and burial grounds waste site groups) (page 2 of 4)

COMPLIANCE WITH ARAR
(cont'd)

Will implementation of the alternative I. Chemical-specific ARARs will be met to the extent practicable by implementing the
comply with ARARs regarding protection, alternative.
restoration, and enhancement of natural 2. Location-spcift: ARARs should be met to the extent practicable with proper
resources and protection of cultural design, planning. and scheduling. Sensitive and critical habitats and cultural
resources? resources w ill be avoided. Construction activities will be scheduled to avoid human

intrusion on nesting, breeding, and foraging activities.
3. Action-spec fic ARARs will be met to the extent practicable through proper design,

construction, an. operation of the remedial action.

What diflietilties may be associated with Containment requirc construetion of cap over buried wastes, plus groundwater
compliance is ARARs? monitoring and mantenance of the site. ARARs relatively easy to meet. Borrow

material from off silt needed for cap.

LONG-TERM EFFECTIVENESS
AND PERMANENCE

What is the magnitude of the remaining risk? Direct exposure pathways are significantly reduced, thereby limiting any potential risk.

What remaining sources of risk can be All sources remtin. lowever, :ll potential direct exposure pathways are significantly
identified? eliminated.

What is the LIkelihood that the technologies Barrier tests ind <ate tat it is very unlikely that long-term performance criteria will be
will meet performance needs? met.

What type, degree, and requirement of long- Long-term post t losue nmonitiring of the barrier is required. In addition, groundwater
term management is required? surveillance monitoring may be conducted.

What O&M functions must be performed? Repair and mainenanc of the engineered barrier.

What difficulties may be associated with long Mino.
term O&M?

What is the potential need for replacement of Routine inspectit ns at d barrier maintenance should keep this potential at a minimum.
technical components? Barrier is designed fo long-term integrity.

What is the magnitude of risk should the
remedial action need replacement?

What is the degree of contidence that controls
can adequately handle potential problems?

Minimal, because there is no direct exposure to the contaminated waste.

Control technolo ies inplemented under this alternative are judged to be highly reliable.

What are the sncertainties associated with Not applicable.
land disposal of residuals and untreated
wastes?

Will the alternative provide long-term
protection of atiural resources?

Will terrestrial habitats be degraded or
enhanced?

How will the remedial actiwi effect overall
quality of the ecosystem?

The barrier w ill mit he direct ejposure pathways to plants and animals; revegetation
will stabilize the urfat e and allow development of a stable habitat. Maintenance may be
required to retai the integrity of the cap. Wastes will be left in place. Risk is mitigated
by the action.

Most waste sites urre tly have no vegetation or support only marginal cover.
Revegetation of tte can will enhanec terrestrial habitat and attract wildlife. Sensitive
habitats adjacent ) thc site will be avoided as much as possible. Future changes in
barrier integrity . oult have only limited influence of the terrestrial ecosystem.

Re'egetation and ncessed use of the site by wildlife will improve the overall quality of
the ecosystem. I ilancd habitats )t the site will also improve the stability and quality
of the terrestrial (:osy tem in the area. presence of residual wastes on site will limit the
overall quality to omc 1xlent.
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Table 5-3. Detailed Analysis of the Containment Alternative (SS-3/SW-3).

(Applicable to the dummy dccontamination cribs/french drains,
pipelines, and burial grounds waste site groups) (page 3 of 4)

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUMEI

Does the treatment process address the
principal threats?

Are there any special requirements for the
treatment process?

What portion of the contitminated material is
treated/destroyed?

To what extent is the total mass of toxic
contaminants reduced?

To what extent is the mobility of
contaminants reduced?

To what extent is the volume of
contaminated media reduced?

To what extent are the eftects of the
treatment irreversible?

What are the quantities o residuals and
characteristics of the residual risk?

What risks do treatment If residuals rose?

Is treatment ised to reduce inherent hazards
posed by principal threats at the site?

How does the proposed treatment impact
natural resources?

Does the alternative result in a gain or loss
of quality at the site for natural resources?

Will implementation of the alternative result
in short-term impacts to natural resources
(e.g. exposure of ecologicat receptors to
physical or chemical impacts, noise,
intrusion to habitat and special breeding
areas, temporary displacement, seasonal
restrictions on habitat use)?

Will the nain ral resource restoration
activities associated with this atterrsative be
easily implemented?

Will long-term maintenance and monitoring
of mitigation/restoration efforts and
activities be recessary?

No treatment p oposed. However. an engineered barrier addresses the principal threats
to human health, ec systems, asd groundwater by limiting potential direct exposure
pathways.

No treatment propos :d.

No contaminani are treated "r destroyed.

miing-tcrr iedut tion caused by ndiural degradation of radionuclides.

Contiminants ar e efl:ctivcly immobilized through reduction in hydraulic infiltration.

None. No trea!nent proposed

N ) treatment pt ipost i.

N.) change in w ste < rantity. Ictwever, direct exposure pathways are significantly
reduced.

None. No treatnt ! s proposed.

No trzatni ( pr post .1

Constructioi act sitier would have an immediate detrimental effect on natural
resources, but woiuld be compensated by long-term gains in natural resource quality.

New habitat woI l be toirmed and species diversity would increase,

At the preseit til re, ltie majority of the waste sites are severely disturbed, therefore,
short-term imupa. s w uld be minimal. Impacts to adjacent habitats will not outweigh
the long-term be tefits of restoration efforts. Mitigation efforts will include scheduling
activities to reduc;e intrusiot during sensitive life stages, controlling fugitive dust, and
establishing uff. r zooes if needed.

Sucessful rcveg tatio i and/or restoration procedures are available, but more effort is
required for this ilterative because the cap is above grade and is more susceptible to
soch things as wind aid water erosion, slope effects, and animal intrusion.

Yes, liong-term niaintenance and monitoring will be required to ensure that revegetation
and restoratio n c! fons re succesosu.
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Table 5-3. Detailed Analysis of the Contaimnent Alternative (SS-3/SW-3).

(Applicable to the dummy decontamination cribs/french drains,
pipelines, and burial grounds waste site groups) (page 4 of 4)

SHORT-TERM EFFECTWENESS
What are the risks to the community during Potential for relase of fugitive dust. Appropriate engineering controls and contingency
remedial actions, and how will they be plans will be de /elop:d and implemented during the barrier installation. No
mitigated? contaminated maiteria will be exposed during installation. Community risks will be

negligible.

What risks remain to the community that cannot None
be readily controlled?

What are the risks to the workers, and how wil Risks due to exi osurt or acciden t Potential for release of fugitive dust during barrier
they be mitigated' construction A orkes are not exposed to contaminated materials during

implementation. Risks can be minimized by implementing appropriate engineering
controls and health aid safety procedures. Short-term risk is low to medium.

What risks remain to the workers that cannot be
readily controlled?

What environmental impacts are expected with
the constriction and implementation of the
alternative?

What are the impacts that cannot be avoided
should the alternative be implemented?

How long until remedial response objectives art:
achieved?

IMPLEMENTABILITY

I What difficulties and uncertainties are associated
with construction?

What is the likelihood that technical problems will
lead to schedule delays?

What likely future remedial actions are anticipated?

What risks of exposure exiht should monitoring be
insufficient to detect failure ?

What activitie, are proposed which require
coordination Aith other agencies?_

Are adequate treatment, storage capacity, and
disposal services available?

Are necessary equipment and specialists available?

Are technologies under consideration generally
available and sufficiently demonstrated or will they
require further development before they can be
applied at the site'

Will more that oie vendor be available to prsi ide
a competitive Lid?

Minimal. Incre; sed I atlic will neccur at some localities.

Fugitive dus. releases could possily13' affect outlying environment, but can be controlled
through proper (peraling procedures. Remedial activities can be scheduled to
accommodate nesting or roosting species. Soil excavation may impact terrestrial
species, and activities near the river may impact aquatic and wetland habitats and/or
species. Short-term impacts are high.
None.

Al; R AOs arc m t up sn completion of barrier installation.

Location onlid nce is Is 1w for some sites Investigations may be required to
locate and plan extent of barrier.

Minimal. Prop r planning can prevent schedule delays that may be encountered
if localion inves igation is necessary.

None.

Barrier fai ire s old result iii hydraulic infiltration through the site. Direct
human ant ecos stem exp sure is unlikely.

Long-term teed restrictions :11 require coordination with state groundwater
agencies a, id wi h local zoning authorities.

Not apAlic ble.

Yes. Gen, ral cirhwork aostruction equipment and barrier materials are
required at d arc readily available. Most construction materials can be obtained
from onsit. soul:es. Barrier design and construction specialists are available.

Deed rsstri:tion. and groundwater surveillance monitoring have been effective at
other Is cat ons. the result;s of field and laboratory tests provide a technically
defensi le iutid ition on wicli barrier designs can be based. Hanford-specific
designs arc curre tly being itplemented at the 200-BP-1 Operable Unit.

(es. Seve ol geeral earthork and barrier construction contractors exist
locallV
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Table 5-4. Estimated Cost - Containment Alternative (SS-3/SW-3).

COST

Dummy decontamination
cribs/french drains

116-B4
100-BC
length 1.2 or (4 ft)
width 1.2 in 4 it)
area 1.48 m2 (16 ft2)

Pipelines

100-BC

burial grounds
118-4A, t00-DR
118-4A
100-DR
length 57.9 in (190 ift)
width 18.2 m (60 ft)
area 1,060.2 mf2 (11,400
ft2)

CAPITAL

$3,225,000

-Includes:
Installation of an engineered b; rier

$101,051,000

-Includes:
Installation of an engineered ba Tier.

$4,238,000

Includes:
Installation .f an engineered ba rier.

OPERATION AND
MAINTENANCE

$217,000

*iniludes:
Maintenance and repair of

hSc engineered barrier

$44. 69,000

*Includes:
Maintenance and repair of
the engineered barrier

PRESENT
WORTH

$3,194,000

$109,645,000

$672,000 $4,292,000

-Includes:
Maintenance and repair of
the engineered barrier

Cost: Costs for implementing any alternatixe will be operable cait specific regarding any proposed mitigation/restoration measures and
[rotectirn of natural resources. All alternatives will inclu le cots for mitigative measures. These costs will be determined on an
operable unit specific basis. In cases where remedial worm can impact threatened and/or endangered species or sensitive habitat,
costs may be increased by necessity to avoid certain areas or h Ilt work during certain time periods (seasons).
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Table 5-5. Detailed Analysis of the Removal/Disposal Alternative (SS-4/SW-4).

(Applicable to the retention basins, sludge trinches, fuel storage basin trenches, process
effluent trenches, pluto cribs, dummy decontamination cribs/french drains, pipelines, and
burial grounds waste site groups) (page 1 of 5)

OVERALL PROTECTION OF
HUMAN HEALTH AND THE

ENVIRONMENT
Will human health risk be at acceptable
levels?

Timeframe to achieve acceptable levels?

Will the alternative pose any unacceptable
short-tern impacts to humans?

Will the alternative impact natural
resources?

What restoration actions may be necessary?

Will residual contamination (following
remediation) be a potential problem?

Yes. Risk is at icceptable levels through removal of the contaminated material from
the site (i.e.. eli nination of the source). Human health and ecological exposure
pathways are eli ninated by excavation. Impact to groundwater is eliminated by
removal of contaminated material exceeding PRG. Contaminated material is
transferred to a ommon disposal facility (i.e., ERDF or W-025).

Acceptable risk evels will be achieved at the completion of the remedial action. The
duration of the r med al action is estimated, based on the representative site for a given
group, as follow

retention basins: 1.4 yr
sludge trenches: 0.A
fuel storage basi . tre ohes: 0 2 v
process effluent rencles: 0. 5 vi
pluto cribs: 0.1 ,r
dummy decontar Linati n crib/fent h drain: 0.1 yr
pipelines: 2.4 y
burial grounds: l. I y

No cross-media npaLs are introduced by the alternative. Worker exposure to the
contaminants car be c.ntrolled during excavation through development and
implementation ( ( appropriate engineering controls and proper health and safety
protocols. Short term impacts adjacent habitat is outweighed by the long-term benefits.
Short-term risks 'o humans is medium.

This alternative ,.ill rtmoveldestroy existing vegetation at the waste site. However,
most waste sitcs save ready been extensively disturbed. Excavation and
transportation aclvitie: may present short-term impacts on cultural and natural
resources in adja ent areas. Long-term benefits outweigh the significant short-term
effects because a y sit:: restoration and/or revegetation efforts will benefit natural
resources over th.; loni term.

Restoration actio. s world include revegetation and stabilization.

There will be no esidal wastes left at the operable unit. Wastes will be transported to
a disposal facility Nk long-term risks at the operable unit.
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Table 5-5. Detailed Analysis of the Removal/Disposal Alternative (SS-4/SW-4).

(Applicable to the retention basins, sludge trenches, fuel storage basin trenches, process
effluent trenches, pluto cribs, dummy decontamination cribs/french drains, pipelines, and
burial grounds waste site groups) (page 2 of 5)

COMPLIANCE WITH ARARs

Will the potential ARARs be met? 1. Yes. Chemisal-sv-ecific ARARs (listed in Appendix C) will be met to the extent
practicable. No c. nstituents will be present in soil that exceed PRG. The PRG are
developed to comply with ARARs.

2. Yes. Locatin-specific ARARs (listed in Appendix C) can be met to the extent
practicable trough proper planning and scheduling.

3. Yes. Action specific ARARs (listed in Appendix C) are met to the extent
poeticable tlirough appropriate design and operation. The actions will be designed
and operated to be compliant with the ARARs to the extent practicable.

Basis for waivers? If waivers are necessary, they will be determined in the ROD.

Is the alternative consistent with the "to he I. Yes. Altenamtive is consistent with chemical-specific "to be considered"
considered" requirements? requirements (liste in Appendix C). No constituents will be present in soil that

exceed PRG. The PRG are developed to comply with "to be considered"
requirements

2. Yes. Alternalive i; consistent with location specific "to be considered"
requirements (listed in Appendix C).

3. Yes. Action specilc "to be considered" requirements (listed in Appendix C) are
consistent wiT action.

Will implementation of the alternative I. Chemical specific ARARs will be met to the extent practicable by implementing the
comply with ARARs regarding protection, alternative.
restoration, and enhancementof natural 2. Location-spatific ARARs should be met to the extent practicable with proper
resources and protection of cultural design, planning, and scheduling. Sensitive and critical habitats and cultural
resources? resources will be a'oided. Construction activities will be scheduled to avoid human

intrusion on resting, breeding, and foraging activities.
3. Acion-specific AR ARs will be met to the extent practicable through proper design,

cor struction, ond operation of the remedial action.

What difficulties may be associated with
compliance to ARARs?

'iis alternaiivc i cluds excavation, transportation of wastes, and placement of clean
fill. Borrow matcrial needed f.r fill. No site maintenance required. ARAR
compliance moderately difficult.
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Table 5-5. Detailed Analysis of the Remnoval/Disposal Alternative (SS-4/SW-4).

(Applicable to the retention basins, sludge trenches, fuel storage basin trenches, process
effluent trenches, pluto cribs,dummy decontamination cribs/french drains, pipelines, and
burial grounds waste site groups) (page 3 of 5)

LONG-TERM EFFECTIVENESS
AND PERMANENCE

What is the magnitude of the remaining
risk?

What remaining sources of risk can be
identified?

What is the likelihood that the technologies
will meet performance needs?

What type, degree, and requirement of long
term management is required?

What O&M functions must be perforted?

None. Containiated material escecding PRG are removed and disposed, therefore,
eliminating source at the waste site.

None.

Excavation and ti spos al are esiabhshed
requirements.

None necessary . the excavation silo.
the disposal facil :y.

None necessary ; the excavation site.
disposal facility.

technologies that meet or exceed performance

All long-term management is associated with

All long-term O&M is associated with the

What difficulties may be associated with Not applicable.
long-term O&M?

What is (te potential need for replacement Not applicsole.
of technical components?

What is the magnitude of risk should the Not applicable.
remedial action need replacement?

What is the degree of contidence that
-- controls can-adequately ha idle potental

problems?

What are the aneertainties associated with
land disposal of residuals and untreated
wastes.

No applicablh.

The cuntaminatec nte rial is transferred to the disposal facility. Waste acceptance
criteria and design of tlie facility is being developed in consideration of receiving
Hanford Site contaminated material.

WIll the alternative provide long-term Removal of the isles from the site and revegetation will allow for reestablishment of
protection of natural resources? a near natural or *atur il environment. Maintenance will be required short-term to

ensure successful revel etation, but long-term maintenance should not be required.
Potential for success of long-term development of natural ecosystem is good.

Will terrestrial habitats be degraded or Most waste sites urrently have no vegetation or support only marginal cover.
enhanced? Removal of wastes and revegetation of the clean fill will enhance terrestrial habitat and

attract wildlife. Sensitive habitats adjacent to the site will be avoided as much as
possible. Absence of wastes at the site should allow the development of an improved
(compared to present conditions) or near-naftral ecosystem.

How will the remedial action effect overall
quality of the ecosystem?

Revegetation and ncrensed use of the site by wildlife will improve the overall quality
of the ecosystem. Habitat enhancement at some sites will improve the stability and
quality of the terrcstriai ecosystem in the area. Removal of wastes from the site should
provide for development of a natural ecosystem.
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Table 5-5. Detailed Analysis of the Removal/Disposal Alternative (SS-4/SW-4).

(Applicable to the retention basins, sludge tr'ncles, fuel storage basin trenches, process
effluent trenches, pluto cribs, dummy decontamination cribs/french drains, pipelines, and
burial grounds waste site groups) (page 4 of 5)

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME

Does the treatment process address the principal threats?

Are there any special requirements for the treatment
process?

What portion of the contaminated material is
treated/destroyed?

To what extent is the total mass of toxic cLOnImtIminatts
reduced?

To what extent is the mobility of contaminants reduced?

To what extent is the voltme of contaminated mcdii
reduced?

To what extent are the eflects of the treatmert
irreversible?

What are the quantities ot residuals and charrcteristics of
the residual risk?

What risks do treatment of residuals pose?

Is treatment used to reduce inherent hazards I osed 1y
principal threats at the site?

How does the proposed tryatment impact natural
resources?

Does the alternative result in a gain or loss of quality at
the site for natural resources?

Will implementation of the alternative result in short-term
impacts to natural resourecs (e.g., exposure of ecological
receptors to physical or chemical impacts, noise,
intrusion to habitat and special breeding areas, temporary
displacement, seasonal restrictions on habitat use)?

WilB the natural resource restoration activitics associated
with this alternative be easily implemented?

Will long-term maintenance and monitoring of
mitigation/restoration efforts and activities he necessary?

No treatment proposed.

No treatment proposed.

No c; al contaminants are removed and disposed at a common disposal
fac lity.

o. g-te in reduction occurs by natural degradation of radionuclides.

No reduction in mobility of toxic contaminants.

No redun tiou in volumine of contaminated media.

No reatient proposed.

No c. N o residuals ixceeding risk levels are left within the operable unit.

No e. N o treatment proposed.

No reat tent proposcd

Cot stAcion activities would have an immediate detrimental effect on
natvral rsources, but would be compensated by mitigating short-term
effects and by long-term gains in natural resource quality.

Th( effe would improve natural resource quality.

At ne pIsent time, the majority of the waste sites are severely disturbed,
thei efore. short-terim mpacts would be minimal. Impacts to adjacent
hab ats will not outweigh the long-term benefits of restoration efforts.
Mil gationt efforts will include scheduling activities to reduce intrusion
during sensitive life stages, controlling fugitive dust, and establishing
buffer zones if needed.

Re' geta ion and restoration techniques are available and can be
imp etnetted,

Yes Ion, -term maintenance and monitoring will be required to ensure that
rev. getac on and restoration efforts are successful
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Table 5-6. Estimated Cost - Removal/Disposal Alternative
(page 2 of 2)

(SS-4/SW-4).

CAPITAL

$36,100,000

*Includes:
Removal of the contaminated nati rial
and site restoration

Transportation of the contaminate
material to a common disposa fat lity

$2,500,000

-[ncludes:
Removal of the contaminated moaterial
and site restoration

Transportation of the contamiuate(
material to a common disposal fac ity

OPERATION AN)
MAINTENANCE

$0

inciudes:
None

$0

-Includes:
None

PRESENT
WORTH

$32,900,000

$2,380,000

Cost: Costs for implementing any alternative will be operable unit pecific regarding any proposed mitigation/restoration measures and
protection of natural resources. All alternatives will include costs for mitigative measures. These costs will be determined on an
operable unit specific basis. In cases where remedial wi rk cau impact threatened and/or endangered species or sensitive habitat,
costs may be increased by necessity to avoid certain are's or halt work during certain time periods (seasons).

-3'
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Table 5-7. Detailed Analysis - In Situ Treatment Alternative (SS-8A/SS-8B/SW-7).

(Applicable to the sludge trenches, process tffluent trenches, pluto cribs, dummy
decontamination cribs/french drains, pipelines, and burial ground waste site groups)
(page 1 of 10)

OVERALL PROTECTION OF
HUMAN IHEALTH AND THE

ENVIRONMENT
Will human health risk be at acceptable
levels?

Timeframe to achieve acceptable levels?

Will the alternative pose any
short-term impacts?

unacceptable

Will the alternative impact natural
resources?

Yes. Risk is a: acccptable levws by limiting potential direct pathways through in situ
treatment (i.e., vitrification).

SS-8A: Yc s. tiAk s at acceptable levels by limiting human health and ecological
caposure patho hys. In Situ Vitrification of the contaminated material that is overlain
by I in of clear fill imuis direr:t exposure pathways to human and ecological receptors.
Constituent co .:entri ions are at levels that are protective of groundwater.

SS-SB: Yet i isk I at acceptable levels by limiting potential direct exposure
pathways throu h intallation oV un engineered barrier over areas that have
contaminated n iterial. Grouting of the effluent pipeline effectively immobilizes any
contaminated si idge :hat may be present. Constituent concentrations are below levels
that would mp.ct gorundwater under the reduced infiltration allowed by the engineered
barri er based o I eva iati on of t onstituent concentrations.

SW-7: Yes R, sk is at acceptable levels by limiting potential direct exposure pathways
through installa ion cI an engincered barrier over areas that have contaminated
material. Cons ituent concentrations are assumed to be below levels that would impact
groundwater be.:ause the barrier would adequately reduce infiltration rates. Additional
benefits are gatlered rorn mobility reduction of contaminants because of dynamic
compaction.

Acceptable risk level; will be a hieved at the completion of the remedial action. The
duration of the emec al action is estimated, based on the representative site for a given
group, as follov:

sludge trenches 0.4 r
process effluent rent tes 38 yr
plato cribs: 0.1 yr
duimiy dec nta ainal in cib/frt och drain 0.1 yr
pipetines: ( 2 N
burial grounds: )A I

No cross-media mpaets are introduced by the alternative. Workers will not be exposed
to the contamin ats during implementation. Risks to workers during implementation
can be minimize I through engineering controls and proper health and safety protocols.
Short term impa :ts on adjacent habitat is outweighed by the long-term benefits. Short-
term risk to hun ans ia low to medium.

SS-8A: This all rnative will remove/destroy existing vegetation at the waste site
because unconta ninated surface material will be removed before vitrification.
However. most taste sites have already been extensively disturbed. Impacts to
adjacnt areas c; i be minimized because no excavation or transportation of wastes is
required. Long- erm benefits outweigh the significant short-term effects because any
sit4: rrstoratisn a id/or revegettion efforts will benefit natural resources over the
tong-erm.

SS 8ff: Tiis alto rnati e will reove/destroy existing vegetation at the waste site during
placemenit (f the barni r. However, most waste sites have already been extensively
disturbed. lipa ts to adjacent areas can be minimized because no excavation or
traisportation of wastes is required. Long-term benefits outweigh the significant short-
ter i effects because aiy site restoration and/or revegetation efforts will benefit natural
rcstirces ov Cr i0 I 1on -term.

SW-7 tlus afte natth , will destroy existing vegetation at the waste site during
Goimpitction lb <eve iost waste sites have already been extensively disturbed.
Impacts to adjact it arias can be mninimized because no excavation or transportation of
wastes is require I. Lt ng-term benefits outweigh the significant short-term effects
because any rile estor lion and/cr revegetation efforts will benefit natural resources
over the long-terit.
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Table 5-7. Detailed Analysis - In Situ Treatment Alternative (SS-8A/SS-8B/SW-7).

(Applicable to the sludge trenches, process sfflient trenches, pluto cribs, dummy
decontamination cribs/french drains, pipelines, and burial ground waste site groups)
(page 2 of 10)

OVERALL PROTECTION OF
HUMAN HEALTH AND TIlE

ENVIRONMENT
What restoration actions may be necessary?

Will residual contamination (following
remediation) be a potential problem?

SS-8A: Revegrtatio over vitritied wastes is required. Revegetation techniques are
available, but d, pth '.f soil and sobgrade may be shallow at some sites.

SS-8B: Revege atiol of above-grade barrier is required. Restoration of above-grade
barrier pro' ide! oppi rtunity to inctease habitat diversity. Revegetation techniques are
available.

SW-?: Revegetition of above-grade barrier is required. Restoration of above-grade
barrier provides opp, lunity to increase habitat diversity. Revegetation techniques are
available.

SS-8A: Wastes will C convertcd to a glassy immobile material. Potential leaching will
be eliminated. Ifinimsal maintenance will be required. Long-term risk is low.

SS-8i: Wastes will e converted to an immobile grout material. Potential leaching will
be eliminated. !Ainin;al mainterance will be required. Long-terre risk is low.

SW-7: Wastes 'ill be compacted, which will reduce potential transport of contaminants,
at least short tern. A. barrier will reduce exposure of plants and animals to
contaminants. Iloweer, plan roots and burrowing animals may impact the integrity of
the barrier over lime. Maintenance will be required. Long-term risk is medium.

COMPLIANCE WITH ARARs
Will the potential ARARs be met? 1. Yes. Chemi :at aecific ARARs (listed in Appendix C) will be met to the extent

practicable b y met ting RAU and eliminating exposure pathways.
2. Yes. Location-specific ARARs (listed in Appendix C) can be met to the extent

practicable ti roug i proper planning and scheduling.
3. Yes. Acion spec lic AARs listed in Appendix C) are met to the extent practicable

through ippr prite* design aiii{i operation. The actions will be designed and operated
to be compliint wth the ARARs.

Basis for waivers? If waivers are necessary they will be determined in the ROD.

Is the alternative consistent with the "to be
considered" requirements?

I.

2.

3.

Yes. Allerntive t consistent with chemical-specific "to be considered"
requiremients (liste I in Appendix C). No constituents will be present in soil which
exceed PRG 'IT I'RG art developed to comply with "to be considered"
requirenents
Yes. Alternive i u'nsistent with location-specific "to be considered" requirements
(listed in Aptendi C),
Yes. Action pe tic "to be eonidered " requirements (listed in Appendix C) are
consiste: wi, I[ act Il
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Table 5-7. Detailed Analysis - In Situ Treatment Alternative (SS-8A/SS-8B/SW-7).

(Applicable to the sludge trenches, process effluent trenches,pluto cribs, dummy
decontamination cribs/french drains, pipelines, and burial ground waste site groups)
(page 3 of 10)

COMPLIANCE WITH ARAR
Will implementation of the alternative comply
with ARARs regarding protection, restoration,
and enhancement of natural resources and
protection of cultural resources?

What difficulties may be associated with
compliance to ARARs?

1. Chemical-spe ific ARARs will be met to the extent practicable by implementing the
alternative.

2. Location-spe fic ARARs should be met to the extent practicable with proper design,
planning, and scheduling. Sensitive and critical habitats and cultural resources will
be avoided. 1'onst uction ictivities will be scheduled to avoid human intrusion on
nesting, brec ing, md foraging activities.

3. Action-specif AR ARs will be met to the extent practicable through proper design,
construction, nd operation of the remedial action.

SS-8A: Vitrifica Jon rcquires removal of clean overburden before vitrification and
placement of clelni fill over vitrified mass. Offgas controls required during vitrification.
Limited maintenaaceaid groundwater monitoring required. ARAR compliance relatively
CaSy.

SS-8B: This alte natik o requires onsite grouting and construction of an above-grade
barrier. Borrow nate, ial needed for cap. Maintenance and groundwater monitoring will
be required. ARXR compliance relatively easy.

SW-7: This alteraativ, requires heavy equipment for compaction, and placement of an
at-grade barrier. Borrow material needed for cap. Maintenance and groundwater
monitoring will b required. ARAR compliance relatively easy.

LONG-TERM EFFECTIVENESS
AND PERMANENCE

What is the magnitude of the remaining risk? Direct exposure p athw: ys are eliminated, therefore, reducing potential risk.

What remaining sources of risk can be All sources rema ji. ll:wever, all exposure pathways are eliminated. Waste is
identified? immobilized.

What is the likelihood that the technologies
will meet performance needs?

What type, degree, and requirement of long-
term management is required?

What O&M functions must be performed?

SS-8A: In Situ N trifi ation is an intovative technology that should be effective in
meeting performa ice n quirement .

SS-SB: Void gro ating and installation of ans engineered barrier is expected to meet or
exceed performance requirements

SW 7: An ergincred barrier is expected to meet or exceed performance requirements.
Dynamic compaction ii volves a demonstrated technology capable of meeting performance
requirements.

Long-term deed r stricl ions is required In addition, groundwater surveillance
monitoring will b conducted.

SS8B: Long ten i pos closure monitoring of the engineered barrier is required.

SW7: long-tern postclosure monitoring of the engineered barrier is required.

SSS-A: Maintenraceof soil cover onerlying the vitrified material (for shielding to
provide long-ierm proti etion of human health and the environment by limiting external
radiation exposure caused by raditnuclides left in situ) and operation and maintenance of
the [n Situ Virifit itio system.

SS-8B and SW-7: Rep ir and maintenance of the engineered barrier.
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Detailed Analysis - In Situ Treatment Alternative (SS-8A/SS-8B/SW-7).

(Applicable to the sludge trenches, process e fluent trenches, pluto cribs, dummy
decontamination cribs/french drains, pipeline,, and burial ground waste site groups)
(page 4 of 10)

LONG-TERM EFFECTIVENESS
AND PERMANENCE

What difculteR may he Loated wiIh lotg- NonC.
term O&Mt?

What is the potential need for replacement of SS-8B and SW-7 Rot tine inspe ions and barrier maintenance should keep replacement
technical components? at a minimum.

What is the magnitude of risk should the
remedial action need replacement?

What is the degree of confidence that controls
can adequately handle potential problems?

Minimal, because then is no exposure to the contaminated material.

Control techn log es iriplemented .urder this alternative are judged to be highly reliable.

What are the uncertainties associated with Not applicabli
land disposal of residuals and untreated
wastes.

Will the alternative provide long-term
protection of natural resources?

SS-8A: Vitrityin,: the wastes will preclude the transport of wastes into the ecosystem,
and the clean till :over will allow revegetation. The fill may have limited depth, partly
preventing the estaiblisLment of a completely natural ecosystem. The vitrified mass may
decrease success t deep-rooted plants and deeper burrowing animals. Long-term
maintenance will Ie minimal. Potential success of long-term development of natural
ecosystem is lw.

SS-NB: Void grouting xill physicwaly stabilize the wastes, and the barrier will limit the
direct exposure pathwa s to plants and animals. Revegetation will stabilize the surface
and allow development of a stable habitat. Maintenance will be required to retain the
integrity of the cat. Wastes will be left in place; risk is mitigated by the action.
Potential success , f long-term development of natural ecosystem is medium.

SW-7: Dynaitic omptetion will physically stabilize the wastes, and the barrier will
limit the direct exposurc pathways to plants and animals. Revegetation will stabilize the
surface and allow development of a stable habitat. Maintenance will be required to
retain the integrity of the cap. 1ong-temn risk should be minimal. Potential success of
long-term development of natural ecosystem is medium.
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Table 5-7. Detailed Analysis - In Situ Treatment Alternative (SS-8A/SS-8B/SW-7).

(Applicable to the sludge trenches, process e flutnt trenches, pluto-cribs, dumnmy
decontamination cribs/french drains, pipelines, and burial ground waste site groups)
(page 5 of 10)

LONG-TERM EFFECTIVENESS
AND PERMANENCE

Will terrestrial habitats be degraded or
enhanced?

SS 8A, Mos wa~te sies currently have no vegetation or support only marginal cover.
Vitifying wastes will .gnificanly reduce mobility of contaminants, and clean fill over
the wastes will a. ow a propriate revegetation. Continued presence of a glassy mass will
preclude deeclopient 4 if a completely natural ecosystem.

SS-8: Most wa te sits currently have no vegetation or support only marginal cover.
In situ grout wast-s wi I significantly reduce mobility of contaminants, and clean fill over
the wastes will allow a.propriate revegetation. Continued presence of grout will
preclude developi tent if a completely natural ecosystem.

SW 7: Most was .e sit, s currently have no vegetation or support only marginal cover.
Compacted waste will significantly reduce mobility of contaminants, and clean fill over
the wastes will all ow alipropriate ievegetation Continued presence of compacted wastes
will preclude devloprr ent of a completely natural ecosystem.

How will the remedial action effect overall SS-SA: Revegetalion and increased use of the site by wildlife will improve the overall
quality of the ecosystem? quality of the ecovystem. Revegetation of the clean fill over the vitrified wastes will

improve the quality of he terrestrial ecosystem. Presence of the vitrified mass,
how ever, will pre ent lie development of deep rooted vegetation and use of the area by
certinn animals.

SS811: Revegeta ton a id increased use of the site by wildlife will improve the overall
quality of the ecovyster i. Revegetation over the grouted wastes will improve the quality
ol[ tie terrestrial c -osystem. Presence of the grout mass, however, will prevent the
development if di ep rooted vegetation and use of the are by certain animals.

SW 7: Revegetat on ai d increased use of the site by wildlife will improve the overall
quality of the eco: yster . Revegetation over the compacted wastes will improve the
quality of the terrestrial ecosystem. Presence of the compacted wastes, however, will
prevent the develk pmeit of deep rooted vegetation and use of the are by certain animals.
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Table 5-7. Detailed Analysis - In Situ Treatment Alternative (SS-8A/SS-8B/SW-7).

(Applicable to the sludge trenches, process e flucnt trenches, pluto cribs, dummy
decontamination cribs/french drains, pipelines, and burial ground waste site groups)
(page 6 of 10)

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME

Does the treatment process address the SS8A: Yes. Contaminants arc immobilized and principle exposure pathways are
principal threats? eliminated.

SS8 B: Yes. Gro ding if pipeliics reduces mobilization and leachability of wastes.
Principle exposure pathways arc eliminated through installation of the engineered barrier.

SW-7: Yes. tynimic tanpaction enhances the barrier effectiveness and reduces
mobility of wastes Pri iciple exp:sare pathways arc eliminated through installation of the
engineered barrier

Are there any special requirements for the SS-8A: A treatability study performed at the 116-B-6A crib area encountered a depth
treatment process? limitation of 4 3 no (14 '1), possibly from the presence of a cobble layer. The EPA

documentation states th IIn Situ Viti fication is effective to a maximum depth of 5.8 m
(19 it). Also, 4.0 0 Atnis of electricty are required at the beginning of the melt.

SS-8B: Video sur cy oK lines slold be conducted before grouting.

SW-7: Delineation of the extent of buried wastes required to verify assumptions.
Verification that danamic compaction is effective for the type and extent of wastes found
at a particular site is als required.

What portion of the contaminated material is SS 8A: All of the mate Hal to the maximum melt depth is treated, however, only organics
treated/destroyed? are destroyed.

SS-813: Sludges w: thin the pipelines will be treated through stabilization; no material is
destroyed.

SW-': All materi.: is c inpacted, lolne of the material is destroyed.

To what extent is the total mass of toxic Long-term reductic i of adionuclides will occur by natural degradation.
contaminants reduced?

To what extent is the mobility of contaminants SS-8A: Contaminants ae effectively immobilized by stabilizing the contaminants in the
reduced? glass melt. Hydraulic irdiltration is temporarily reduced and mobilization is eliminated.

SS-8B: Contaminants are effectively immobilized through void grouting and hydraulic
iniltration is reduc d in contaminated qoil areas where the engineered barrier is installed.

'SW-,: Contaminants ar effecti-elv iramobilized through reduction in hydraulic
intiltatioa by compaction and installation of the engineered barrier.

To what extent is the volume of contaminated SSA: a Situ Vitrification reduces volume by 30%.
media reduced?

SS-811: Void grouing U ill not reduce volume.

SW-7: Dynam:c ci mpaction has been shown to reduce contaminated volume by
approximately 10 1, 15 %

To what extent ire the effects of the treatment SS-8A: tn Situ Vit ficalion is an irrnersible process.
irreversible?

SS-8B: Groutirg e be reversed with mechanical methods. An engineered barrier can
he reno, ed.

SW-7: Dynamic ci mpa' tion can be reversed with mechanical methods. An engineered
barrier can be rcmr oed.

What are the quantities of residuals and
characteristics of the residual risk?

What risks do treatment of residuals pose?

Is treatment used to reduce inherent hazards
posed by principal threats at the site?

SS-8A: Minimal qi antities of residuals from offgas treatment, including condensate and
contaminated filters

SS-8b and SW-7: - lo lrcatnent residuals are produced.

SS-8A: None Resduala will be disposed at a common disposal facility.
SS-s and SW-7: None No residuals are produced.

Yes. The princ ple :xposure pathways are eliminated.
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Table 5-7. Detailed Analysis - In Situ Treatment Alternative (SS-8A/SS-8B/SW-7).

(Applicable to the sludge trenches, process .ffluent trenches, pluto cribs, dummy
decontamination cribs/french drains, pipelines, and burial ground waste site groups)
(page 7 of 10)

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME

How does the proposed treatment impact SS-8A; Of all the options, this treatment has the most negative effects in regards to natural
natural resources? resources because th' suburface soils has been vitrified and will never return to a natural

condition.

SS-8B: Constarutio actil ties would aive an immediate detrimental effect on natural
resources, but would be uilnpensated by long-term gains in natural resource quality.

SW-: - Coistruciion tctiv ties would have ala immediate detrimental effect on natural
resources, but would be compensated by long-term gains in natural resource quality.

Does the alternative result in a gain or SS8-A: A small gai in attural resource quality would be realized.
loss of quality at the site for natural
resources? SS 8B: New habitat voul 1 be formed and species diversity would increase.

SW-7: New habitat could be formed and species diversity would increase.

Will implementation of the alternative
result in short-term impacts to natural
resources (e.g., exposureof ecological
receptors to physical or chemical impacts,
noise, intrusion to habitat and special
breeding areas, temporary displacement.,
seasonal restrictions on habitat use)?

Will the natural resource restoration
activities associated with this alternative be
easily implemented?

SSA-A: At the presest tim ., the majtrity of the waste sites are severely disturbed, therefore,
short-ten impacts w -old te minimal. Impacts to adjacent habitats will be outweighed by the
long-term benefits of restoration efforts. Mitigation efforts will include scheduling activities to
reduce intrasion durii g set sitive life stages, controlling fugitive dust, and establishing buffer
zones if needed,

SS-8H: At the preset tins. tthe maj'rdty of the waste sites are severely disturbed, therefore,
sl1ort-term impacts w.uld to minimal. ipacts to adjacent habitats will be outweighed by the
long-term benefits of estor ation efforts. Mitigalion efforts will include scheduling activities to
reduce intrusion durii sensitive lite stages, clat rolling fugitive dust, and establisl *g buffer
zenes it needed.

SW-7: At the presen time the majotiry of the waste sites are severely disturbed, therefore,
short-Lerm impacts w( aid It minimal Impacts to adjacent habitats will be outweighed by the
long-term benefits of estoration efforts. Mitigation efforts will include scheduling activities to
reduce intrusion durin , sensitive life stages, controlling fugitive dust, and establishing buffer
zones if needed.

SS-8A: Revegetalion nd rcstoration dforts for this alternative are easy to implement.

SS-8i: Successtal re, egetation and/or restoration procedures are available. More effort is
oeuired for this- aneitAve becauSe the cap is above grade and is more susceptible to wind

and water erosion, slc se ef ects, and animal intrusion.

SW-7: Successful rev getmion and/or estoration procedures are available, but more effort is
required for this alteriative because the cap is above grade and is more susceptible to wind
and water erosion, slo e efiects, and animal intrusion.
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Table 5-7. Detailed Analysis - In Situ Treatment Alternative (SS-8A/SS-8B/SW-7).

(Applicable to the sludge trenches, process elfluent trenches, pluto cribs, dummy
decontamination cribs/french drains, pipelines, and burial ground waste site groups)
(page 8 of 10)

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME

Will long term maintenance and monitoring
of mitigationlrestoration efforts and activities
be necessary?

SS-8A: Yes, [on' tert mAintenance and monitoring will be required to ensure that
revegetation md estor tion eflorts are successful.

SS-8B Yes, lon tet i maintenance and monitoring will be required to ensure that
rcvzgetalion, nd estoi lion etrlos are successful.

SW-7: Yes, long tern maintenance and monitoring will be required to ensure that
revegetation and restoration efforrs are successful.

SHORT-TERM
EFFECTIVENESS

What are the risks to the community during
remedial actions, and how will they be
mitigated?

SS 8A: Potcntia for , dlease of fugitive dust and gases during treatment. Appropriate
ctincering contrmls aid contingency plans will be developed and implemented

SS 8B and SW-7 Po ential fr telease of fugitive dust during treatment. Appropriate
engineering controls rid contingeicy plans will be developed and implemented.

What risks remain to the community that None.
cannot be readily controlled?

What are the risks to the workers, and how
will they be mitigated?

What risks remain to the workers that
cannot he readily controlled?

What environmental impacts are expected
with the construction and implementation of
the alternative?

What arc the impacts that cannot be avoided
should the alternative be implemented?

How long until remedial response objectives All RAO are met
are achieved?

Risks due to exposure or accident. Potential for release of fugitive dust during
Remedial Alternaive. Risks can be minimized by implementing appropriate
engineering conoto)s aid health and safety procedures. Short-term risks are low to
medium.

SS 8A: Some ut:cra Ity with respect to offgas emissions.

SS813 None

SW-7: Contami ants:. re unknown; therefore, a potential for risk exists because of this
uncertainty.

Fugitive dust rele ses , ould possibly affect outlying environment, but can be controlled
through proper ol cratiig procedures. Remedial activities can be scheduled to
accommodate nes ing :r roosting species. Soil excavation will impact terrestrial
species and activi ics noar the river riay impact aquatic and wetland species. Short-
term risk is medium.

None.

apori completion of the remedial action.
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Table 5-7. Detailed Analysis - In Situ Treatment Alternative (SS-8A/SS-8B/SW-7).

(Applicable to the sludge trenches, process e fluent trenches, pluto cribs, dummy
decontamination cribs/french drains, pipeline, and burial ground waste site groups)
(page 9 of 10)

IMIPLEMENTABILITY
What difficulties and uncertainties are
associated with construction?

What is the likelihood that technical
problems will lead to schedule delays?

SS-RA: Investig tion(s) may be required to locate the area proposed for In Situ
Vitrification. In addition, soil particle sizes may vary from site to site. Existence of
cobble layers an stru tural members may interfere with performance. The presence of
excessive moisture or groundwater can limit the economic practicality of In Situ
Vitrification be:. use , 'the time and energy required to drive off the water. Soils with
low alkaline connt nay not effectively carry a charge and thereby diminish the
applicability of I. Situ Vitrification (EPA 1992). Large quantities of combustible
liquids or solids lay increase the gas production rate beyond the capacity of the offgas
system. In addit on, Ie presence of metals in the soil can result in a conductive path
that would lead t. electrical shorting between electrodes.

SS-8B: Iovestigvlion() may be required to locate and plan the extent of the barrier.
The integrity (go utability) of the pipelines is uncertain and should be confirmed by
investigation.

SW-7: Dynamic omlaction has been successful at other sites. Uncertainties exist
because of variatons is type of waste and unknown burial ground contents.
Investigation(s) n ay be required to locate and plan the extent of the barrier.

SS-8A: Adaptati ns t: vitrification technology may be necessary to enable different
waste site types t be A cated.

SS-3B: Minimal Voi J grouiing and a barrier are proven technology. Proper planning
can prevent s :ec' ile d lays that may be encountered if investigation is necessary.

SW 7: Minial. DynI mic compaction and a barrier are proven technology. Proper
planning ca) !rCe :nt si hedule delays that may be encountered if waste investigation is
necessary.

What likely future remedial actions are Nonc.
anticipated?

What risks of exposure exist should
monitoring be insufficient to detect failure?

What activities are proposed that require
coordination with other agencies?_

Are adequate treatment, storage capacity,
and disposal services available?

Are necessary equipment aid specialists
available?

SS-XA: Human aid ecological exposure may occur through undetected failure of the
soil cover. The stability of the glass matrix should be very effective in minimizing
contaminant risks An human health and the environment.

SS-811 and SW-7: Failure of the engineered barrier could result in hydraulic infiltration
through the site.

Long-term deed As strictions will n quire coordination with state groundwater agencies
and with local zong a ithorities.

Not applicable.

SS-SA: Yes. All nece sary equipmentand specialists are readily available.

SS-83: Yes. Get :ral ,arthwork , onstruction equipment and barrier materials are
required and a:e r adily available. 3routing and barrier construction specialists are
required and avail. ile.

SW-7: Yes. Genral eithwork consirction equipment and barrier materials are
required and are r adily available. A specialized tamper may need to be constructed.
Dynamic compacti An an I barrier design and construction specialists are required and
available.
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Table 5-7. Detailed Analysis - In Situ Treatment Alternative (SS-8A/SS-8B/SW-7).

(Applicable to the sludge trenches, process ei flu(nt trenches, pluto cribs, dummy
decontamination cribs/french drains, pipelines, and buria[ ground waste site groups)
(page 10 of 10)

MPLEMENTABILITY

Are technologies under consideration
generally available and sufficiently
demonstrated or will they require further
development before they can be applied at
the site?

Will more than one vendor be available to
provide a competitive bid?

Deed restrict ons id i oundwate r surveillance monitoring have been effective at other
locations.

SS-8A. In Situ \ atrifi ation is an innovative technology, but has been effectively
demonstrated at t number of sites to immobilize contaminants and effectively reduce
leaching.

SS-8B: Groutino has cen successfully implemented at construction sites.
Modifications may be ieeded to ;ipply the technology at pipeline sites. Surface barriers
are established technolhgies. Ilanford-specific designs are currently being implemented
at tie 200-BP- I perable Unit.

SW -7: Dynamic oom] action has been successfully implemented at other sites and
tested at the Ilanord Ste. Modifications may be needed to apply the technology at
burial ground site. Sirface barriers are established technologies. Hanford-specific
designs are curre ily 1 ing implemented at the 200-BP-1 Operable Unit.

SS-MA: Geosafe ias b :,n the exclnsive vendor for DOE; however, other vendors can
supply ISV to D( E if uvailable.

SS 11: Ye. GJi *in; . gcneral a rthwork, and barrier construction contractors exist
locslly

SW -7: Yes. Co::ipaction. general earthwork, and barrier construction contractors exist
locally.

ARAR - applicable or relevant and appropriate requirement
ISV - In Situ Vitrification
O&M - operation and maintenance
RAO - remedial action objectives
PRG - preliminary remediation goals
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Table 5-8. Estimated Cost - In Situ Treatment Alternative (SS-8A/SS-8B/SW-7).

COST CAPITAL OPERATION AND PRESENT
MAINTENANCE WORTH

Sludge trenches $3,610,000 $2,290,000 $5,630,000

-Includes: -Includes:
In Situ Vitrification cquipment an Maimatce cc of the soil cover
installation

Operation of In Situ Vitrification
systems

Process effluent $33,900,000 127,700.000 $54,800,000
trenches

-Includes: -Includes:
In Situ Vitrification equipment and Maintenance of the soil cover
installation

Operati of In Situ Vitrification
system

Pluto cribs $598,000 89.600 $661,000

-Includes: -Includes:
In Situ Vitrification equipment and Maintenance of the soil cover
installation

Operation of In Situ Vitrification
system

Dummy $632,000 513.000 $715,000
decontaminatcon
crib/french drain *includes: +tncludes

In Situ Vitrification equipment and Mainiena'[ of the soil cover
installation

Operation of In Situ Vilrification
system

Pipelines $11,492,000 $1.121,000 $11,574,000

-Includes: - Includes:
Installation of an engineered barrier Maintenance and repair of the

engineered barrier
Grouting of the pipeline

Burial grounds $4,238,000 $199,000 $4,430,000

-includes: . ocludes:
Installation of a, engineered barrier Maintenance and repair of the

engineerad barrier
Dynamic soil compaction

Cost: Costs for implementing any alternalis e will be operable uii specific regarding any proposed mitigation/restoration measures and
protection of natural resources. All alternatives will includhe coats for mitigative measures. These costs will be determined on an
operable unit specific basis. In cases where remedial wor. can impact threatened and/or endangered species or sensitive habitat,
costs may be increased by necessity t) avoid certain areas or h it work during certain time periods (seasons).
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Table 5-9. Detailed Analysis of the Removal/Treatment/Disposal
Alternative (SS-10/SW-9).

(Applicable to the retention basins, sludge trInciles, fuel storage basin trenches, process
effluent trenches, pluto cribs, dummy decontamination cribs/french drains, pipelines, and
burial ground waste site groups) (page 1 of ?)

OVERALL PROTECTION OF
HUMAN HEALTH AND THE

ENVIRONMENT

Will human health risk be at acceptable Yes. Risk is reduced to acceptable levels through removal of the contaminated material
levels? from the site (i.e , elimination cf the source). Human health and ecological exposure

pathways are eliminated by excavation. Impact to groundwater eliminated by removal
of contaminated material exceeding PRG. Contaminated material is transferred to a
common disposal facil ty (i.e., ERDF or W-025).

SS-10: Addiion 'i ber efits resull from the mass and volume reduction of contaminants
by soil washing.

SW-9: AdditionAl benefits are realized by reducing mass, mobility, and volume of
contaminants because of thermal desorption and compaction.

Timeframe to achieve acceptable levels?

Will the alternative pose any unacceptable
short-term impacts?

Will the alternative impact natural
resources?

What restoration actions may be necessary?

Acceptable risk 1, vels ire achieved at lhe completion of the remedial action. The
duration of the re nedial action is estimated. based on the representative site for a given
group, as follows

retention basiis: 3.2 3 r
sludge trenches: )1 y
fuel storage basin IrenL.thes: 0.3 yr
process effluent ti ncht s: 0.6 yr
pluto cribs: 0.1 : r
dummy decoultam oath is crib/frcnsh drain: 0.1 yr
pipelines: 2.§ yr
burial grounds: t t yr

I..

No cross-media iripaci. are introduced by the alternative. Worker exposure to the
contaminants <an be controlled during excavation through development and
implementation ot appropriate engineering controls and proper health and safety
protocols. Shortm-n risk to humans is high.

This alternative w ill remove/dcstroy existing vegetation at the waste site. However,
most waste Siles ive a ready been extensively disturbed. Impacts to adjacent areas
will result from e: cava 'on and ransportation, operation of treatment facilities, and
dispisal site requi m s - benefits outweigh the significant short-term
efrects becauso an sit, resloratoi nd/or revegetation efforts will benefit natural
resources ove the long term,

Revegeration if at grad, barrier required. Initial revegetation may include uniform
dryland grasses. I evegetalion lchiiiques are well established.
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Table 5-9. Detailed Analysis of the Removal/Treatment/Disposal
Alternative (SS-10/SW-9).

(Applicable to the retention basins, sludge trncres, fuel storage basin trenches, process
effluent trenches, pluto cribs, dummy decontamination cribs/french drains, pipelines, and
burial ground waste site groups) (page 2 of ')

COMPLIANCE WITH ARARs

Will the potential ARARs be met? I. Yes. Chemical-specific ARARs (listed in Appendix C) will be met to the extent
practicable. No constituents will be present in soil which exceed PRG. The PRG
are developed to comply with ARARs.

2 Yes. locati i-specific ARARs (listed in Appendix C) can be met to the extent
practicable through proper planning and scheduling.

3 Yes. Action specific ARARs (listed in Appendix C) are met to the extent
practicable through appropriate design and operation. The actions will be designed
and operated to be compliant with the ARARs.

Basis for waivers? It waivers are iecessary, they will be determined in the ROD.

Is the alternative consistent with the "to be I. Yes. Aliern; live s consistent with chemical-specific "to be considered"
considered" requirements' requirements (listtd in Appendix C). No constituents will be present in soil which

exceed PRG. 'un PRG are developed to comply with "to be considered"
requirements

2. Yes. Altern tive is consistent with location-specific to he considered" requirements
(listed in Appendis C).

3. Yes. Action specilic to be considered" requirements (listed in Appendix C) are
consistent wi h act on.

Will implementation of the alternative I. Chemical-sp, <ific tRARs will be met to the extent practicable by implementing the
comply with ARARs regarding protection, altenative
restoration, and enhancement of natural 2. Lscation-speific -RARs should be net with proper design, planning, and
resources and protection of cultural scheduling. Sensiuve and critical habitats and cultural resources will be avoided.
resources? Construction activities will be scheduled to avoid human intrusion on nesting,

breeding. anc fora cing activities.
3. Action-specil c AR ARs will be met to the extent practicable through proper design,

construction, and tperation of the remedial action.

What difliculties may be associated with
compliance to ARARs?

This alternative r squirts excavation, treatment of wastes, and transportation of wastes
and treatment residual . Several ARARs are associated with just the treatment
activities. Borro-v ma crial needed for fill. No site maintenance required. ARAR
compliance difficilt.
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Table 5-9. Detailed Analysis tif the Removal/Treatment/Disposal
Alternative (SS-1O/SW-9).

(Applicable to the retention basins, sludge trenches, fuel storage basin trenches, process
effluent trenches, pluto cribs, dummy contamination cribs/french drains, pipelines, and burial
ground waste site groups) (page 3 of 7)

LONG-TERM EFFECTIVENESS
AND PERMANENCE

What is the magnitude of the remaining
risk?

None. Contami-ated material sceirding PRG are removed, treated, and disposed,
therefore, ehmir iting the source at 1the waste site.

What remaining sources (f risk can be None
identified?

What is the likelihood that the technologies
will meet performance needs?

What type, degree, and requirement of long-
term management is required?

Excavation, rea: ment and disposal are established technologies that meet or exceed
performance reqisiremtts.

SS-10: Soil was tings a n established technology, but less proven than excavation.
IIh wever, it mee s pert ornance requirements under favorable circumstances.

SW-9 Thermal desoiption and ccnpaction are established technologies that meet
performance requirements.

Treatment (ie., oil w ashing or Ithernal desorption) of the contaminated material will
occur near the e: eavaion site. The treatment areas will be restored. All additional
long-term inanagemen! is associated with the disposal facility.

What O&M functions must be performed? Treatnent (i.e., oil vashing ir thermal desorption) of the contaminated material will
occur near the e avaiton site. 'The treatment areas will be restored. All additional
long-term O&M .s associated with the disposal facility.

What difficulties may be associated with Not applicable.
long-term O&M ?

What is the potential need for replacement Not applicable.
of technical components?

What is the magnitude of risk should the Not applicable.
remedial action need replacement?

What is the degree of confidence that No applicable.
controls can ;idequately handle potential
problems?

What are the uncertainties associated with Tei contaminate material is transterred to a common disposal facility. Waste
land disposal of residuals mnd untreated acceptance criteri. and design of he facility is being developed in consideration of
wastes. receiving Hanford Site contaminated material.

Will the alternative provid: long-term Removal of the w astes from the site and revegetation will allow for reestablishment of
protection of aatural resources? a near- natural or jaturl environment. Maintenance will be required short-term to

ensure successful revegetation, but long-term maintenance will not be required on site.
OfTsite disposal o V treatment residuals may require limited offsite management of
wastes Potential success of long-term development of natural ecosystem is high.

Will terrestrial
enhanced?

habitats be degraded or

How will the remedial action effect overall
quality of the ecosystem?

Moat waste sites urreitly have no vegetation or support only marginal cover.
Remto% al of v ast, , and tevegettion of the clean fill will enhance terrestrial habitat and
attract wildlif . ensitive habitats sdjacent to the site will be avoided as much as
poible. Absen : of vsties at the site shotld allow the development of an improved
(cotpisred to the resett coind timo]) or near natural ecosystem.

Reveg-tation ind tcro ed use ,I : tsite by wildlife will improve the overall quality
of IIe cosystem. Ila]I tat enhanc- neit at some sites will improve the stability and
qua lity of the er strial cosyslen, .i the area Removal of wastes from the site should
prwride for level. pie-t of s nat Li ecosystem.
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Table 5-9. Detailed Analysis of the Rentoval/Treatment/Disposal
Alternative (SS-10/SW-9).

(Applicable to the retention basins, sludge trenches, fuel storage basin trenches, process
effluent trenches, pluto cribs, dummy deconiamination cribs/french drains, pipelines, and
burial ground waste site groups) (page 4 of )

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME

Does the treatment process address the Yes.
principal threats?

SS- 10 Soil was ing rduces the threats at sites where little or no cesium-137 is
associated wilh t]c cot lles or grivels, and at sandy sites where cesium-137 exists at
levels that ar, tro tab .

SW-9: Thermal lesor/tion reduces threats associated with volatile and semivolatile
organic compounIds. t ompaction reduces volume and leachability of remaining wastes.

Are there any special requirements for the Yes.
treatment process?

SS-10: Cesium> 37 cincentrations must be below PRG in the gravels or cobbles, and
the cesium-137 ci ncenrations in the sand fraction cannot exceed twice the PRG for
efOective reducticr in tie two-stage attrition scrubber.

SW 9: Waste mi st be appropriately sized for the thermal desorption process and
segregated for co npact ion.

What portion of the contaminated material is SS-10: The soil vashing includes size separation and a two-stage attrition scrubber. A
treated/destroyed? fraction of the cottami rated materials can be treated by the two-stage attrition scrubber.

Contaminated but untr ated cobbles are transported directly to the disposal facility.

SW 9: Approxin tely S% of contaminated materials are assumed to be treatable by
tlhermat desorptio and abc ut 50Y of desorbed organic constituents are destroyed.
Appro imately 9( i ot vastes are assumed to be treatable by compaction, but none of
the compacted cOm tituh nts are destroyed.

To what extent is the total mass of toxic Long-term reduct in o curs by natural degradation of radionuclides. The mass reduction
contaminants reduced? at tie disposal fac lity idiscussed ielow.

SS- 0: Redic tioi of r, dionuclide concentrations in washed soil fines (2 to 0.25 mm in
size) is achieved, CducIng the tutal rass of contaminated media.

SW 9: Nearly all tl ti i vlatile and semivolatile organic contaminants within the wastes
are reduced. o edus ion in mass o7 inorganic contaminants is achieved.

To what extent is the mobility of Mobility of consti uent is eliminated at the waste site by removal. The mobility
contaminants reduced? reduction at the di posa facility is achieved as follows:

SW-9: Nearly all At th volatile and semivolatile organic contaminants are rendered
immobile. Mobil, y (le chability) of inorganic constituents are reduced by compaction.
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Table 5-9. Detailed Analysis of the Removal/Treatment/Disposal
Alternatiie (SS-tO/SW-9).

(Applicable to the retention basins, sludge t: enches, fuel storage basin trenches, process
effluent trenches, pluto cribs, dummy decontamination cribs/french drains, pipelines, and
burial ground waste site groups) (page 5 of 7)

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME

To what extent is the volume of 'Tie percentage saitaile for soil washing was determined based on an evaluation of cesium-
contaminated media reduced? 137 concentrations w ith respect to depth and treatment limitations. Based on the extent of

cesium-137 conoimiri tion relative Io total extent of contamination, the percentagewas
estimated.

At the retiention 1asii , sludge trenches, and dummy decontamination cribs/french drains;
67% of the conta.nin-ted nil is suitable for two-stage attrition scrubbing based on the cesium-
117 concentration pr, file in the wate site; 49% of the total volume of contaminated soil can
be successfully mreateI and returned to the site.

At the tuel storage ba.in trenches and pluto cribs; 1CI0% of the contaminated soil is suitable
for two-stage attrition scrubbing based on the cesiums-137 concentration profile in the waste
site; 61 % of the ttat volule of conNmuinated material can be successfully treated and
rettined to the sit 2.

Ak the process eiuters: trenlices and ppelines; none of the contaminated soil is suitable for
two-stage attrition scr bbinz based on the cesium-137 concentration profile in the waste site,
but 23% of the total vslume of contaminated material can be successfully treated by
segregating clean cobiles and gravels and returning these to the site.

Future sil sites w her. 33 1 of the contiminated soil is suitable for two-stage attrition
seabbiting based on th cesium-137 coinentration profile in the waste site; 36% of the total
volume .1 cotntaminat. I ma erial can I-c successfully treated and returned to the site.

SW-9: 00% of tii coliaminated material can be compacted by a factor of 50% of its original
volume. TRe volume if waste in sites contaminated only with volatile and semivolatile
organic constituents maiy be reduced completely.

To what extent are the effects of the SS-10: Soil washing i. irreversible.
treatment irreversible?

SW-9: lherm-al disor 'tion s irreversibe. Compaction may be reversed with mechanical
methods.

What are the quantities of residuals and SS-10: Soil washing w Ill pr iduce residuais that will be transferred to the disposal facility.
characteristics of the residual risk?

SW-9: Ihermal desor] tion will produce small amounts of residuals that are transferred to the
disposal facility.

What risks do treatment of residuals pose? None. No treatment puposiSd for residuals.
Is treatment used to reduce inherent Treatment is used to reduce potential hazards at the disposal facility.
hazards posed by principal threats at the
site?
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Table 5-9. Detailed Analysis of the Removal/Treatment/Disposal
Alternative (SS-1O/SW-9).

(Applicable to the retention basins, sludge trmcles, fuel storage basin trenches, process
effluent trenches, pluto cribs, dummy decontamination cribs/french drains, pipelines, and
burial ground waste site groups) (page 6 of ')

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME

How does the proposed treatment impact Construction acti ities would have at' immediate detrimental effect on natural resources,
natural resources? bul would be cotipensated by long-term gains in natural resource quality. This

alternative has the potential for nor negative effects on natural resources because
treatment facilitics will be operated and residuals will be disposed.

Does the alternative result in a gain or loss of The long-term effect of this alternative would be an improvement it natural resource
quality at the site for natural resources? quality at the operable unit.

Will implementation of the alternative rest'll At the present time, the majority of lie waste sites are severely disturbed, therefore,
in short-term impacts to natural resources short-term impac s woild be minimal. Short-term impacts to adjacent habitats will be
(e.g., exposure of ecological receptors to outweighed by lo ag-term benefits cf restoration. Mitigation efforts will include
physical or chemical impacts, noise, intrusion scheduling activiles to reduce intrusion during sensitive life stages, controlling fugitive
to habitat and special breeding areas, dust, and establis-ting buffer zones if needed,
temporary displacement. seasonal restrictions
on habitat use)?

Will the natural resource restoration activities Revegetation and restoration effojts for this alternative are relatively easy to implement.
associated with this alternative be easily
implemented?

Will long-terni maintenance and monitoring Yes, long-term ninteiance and monitoring will be required to ensure that revegetation
of mitigation/estoration efforts and activities and restoration e brts ire successful
be necessary?

SHORT-TERM
EFFECTIVENESS

What are the risks to the community during
remedial actions. and ]low will they be
mitigated?

What risks remain to the community that
cannot be readily controlled?

What are the risks to the workers, and how
will they be mitigaled?

What risks remain to the workers that
cannot be readily controlled?

What environmental impacts are expected
with the c oast nuction and im oplementatir n of
the altermutve '-

What are the impacts that cannot be avoided
should the alternative be implemented?

Potential for rele ise O fugitiv dust during excavation and treatment. Appropriate
eimineering contr Als a1 c.ontiig.ic/ plans will be developed and implemented during
excavation and d: sposal._

Nine.

Risks due to xp sure ir acciden. Potential for release of fugitive dust during
excavation and tr atmcot. Risks can be controlled by implementing appropriate
engineering contls arid health and safety procedures. Short-term risk is high.

SS-10 Minimal ncertainty, therefore, all risks will be mitigated.

SW-9: Unnitiga ed risks due to unknown buried wastes.

lFugitixe dust rele ses ould possi ty affect outlying environment, but can be controlled
through propir o) erati g procedures Remedial activities can be scheduled to
acomimodate nes ing ir roosting species. Short-term risk is medium. Soil excavation
may impact terre, rial pecic-s, tn.. activities near the river may impact aquatic species
and wetlands

None.

How long until remedial response objectives All R A O arc net ipoi oupleion ] Remedial Alternative.
are achieved?
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Table 5-9. Detailed Analysis of the Removal/Treatment/Disposal
Alternative (SS-1O/SW-9).

(Applicable to the retention basins, sludge t enches, Fuel storage basin trenches, process
effluent trenches, pluto cribs, dummy deconitamination cribs/french drains, pipelines, and
burial grounds waste site groups) (page 7 of 7)

LIPLEMENTABILITY I
What difficulties and uncertainties are The extent (f lifmlion ; s ,naoj, bad will be delineated during excavation.
associated with construction?

SS-10: 'Two-sti*e ati ition scmahlbing may be effective if the cesium-137 concentrations
do not exceed i, ce toe PRG

SNW-9: Uncerta ity e ists com criing the nature of buried wastes and (he problems with
encountering un, xpec ed materials.

What is the likelihood that technical problem, Delays not likel . N, adaptatiois to excavation technology are expected. There is some
will lead to schedule delays? uncertainty in a ailaility of the disposal facilities at certain times.

SS -10: Soil wai ng lerformce ilf-line atd has little potential to impact the schedule.

SW-9: Compac on aidi hcrmnal iesorption are performed off-line and have little
potential to impa t the schedule

What likely future remedial actions are None.
anticipated?

What risks of exposure exist should Removal discs ns reqtpire post closure monitoring.
monitoring be insufficient to detect failure?

What activities are proposed that require NIne,
coordination with other agencies?

Are adequate treatment, storage capacity, and Yes. Maximum apacly at the W-025 facility is 25,000 yd', available in 1994. The
disposal services available? IR DF capacity is 4.3 million yd', available in 1996. Remedial action will not be

implemented until disposal is available.
Are necessary equipment and specialists Yes. General ear hwot k construction equipment is required and is readily available.
available? Excavation and atalytical specialists are required and are available. Specialized

analytical equipment may be required and is available. Excavation, analytical, aid
treatment equipmcttt and specialists are required and are available.

Are technologies under consideration Yes Removal an I disp osal are developed technologies.
generally available and sufficiently
demonstrated or will they require further SS-10: Excavatici of the 116-1-4 pluto crib has been completed demonstrating many of
development before they call be applied at the the technologies t be used. Particle separation of cobbles and gravels from sands and
site? fines is a demonsalated technology Bench scale tests have shown attrition scrubbing to

be fairly effective :n treating sards contaminated when levels of cesium-137 that do not
exceed two limes he PRG. However, a field scale soil washing study is scheduled for
fate 1994 to verify the r :sults of the bench scale study.

SW- : Excavatioi of tIfe 118-B I burial ground will be conducted in 1995 to
demonstrate the ability t excavate boried waste. Thermal desorption and compaction
are developed lechnologes.

Will more than one vendor be available to
provide a competitive bid?

Yes Several gener al earthwork coitracrors exist locally. Many vendors are also
availabl, to supply noni onl, conil action, tiermal desorption, and soil washing
equifpmtent.

ARAR - applicable or relevant and appropriate re4uiremeni
O&M - operation and maintenance
RAO - remedial action objectives
PRG - preliminary remediation goals
ERDF - Environmental Restoration Disposal Facility
W-025 - W-025 Radioactive Mixed Waste laud Disposal Facility
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Table 5-10. Estimated Cost - Removal/Treatment/Disposal Alternative (SS-10/SW-9).
(page 1 of 2)

COST CAPITAL

Retention basins $102,000,000

- Includes
Removal of the cwntaminaled intueria
and site resto-altn

Transportation A the excavated
material to a common disposal facilit

sludge trenches $2,130,000

-includes
Removal of the cnominaled materia
and site restoration

Transportation of the excavated
material to a common disposal facilit

Fuel storage basin $4,880,000
trenches

Removal of the contamiatcd material
and site restoration

Transportation of the excavated
material to a common disposal facility

Process effluent $1 7,300,000
trenches

eIncludes
Removal of the contaminated material
and site restoration

Transportation of 1he excavated
material to a common disposal facIlity

Pluto cribs $708,000

*Includes
Removal of the contaminated material
and site restoration

Transportation of the excavated
material to a common disposal facility

Dummy $721,000
decontamination
cribs/french drains *Includes:

Removal of the contaminated material
and site restoration

Transportation of tie excavated
material to a common disposal facility

OPERATION AND
MAINTENANCE

$24,500,000

1eicludes
Treatiment of the contaminated
malerial (i.e., soil washing)

$277,00(

eInclude,

Treatinent of the contaminated
material (i.e., soil washing)

$950,0 0

-Includes
Treatment of the contaminated
material (i.e., soil washing)

$1,450N0O

-Includes
Treatment of the contaminated
material (i.e., soil washing)

$9,240

-Includes

Treatient of the contaminated
material (i.e., soil washing)

SI14,000

e includes:
Ireatincit of the contaminated
materiiA (i e., soil washing)

PRESENT
WORTH

$114,000,000

$2,300,000

$5,570,000

$17,900,000

$692,000

$707,000
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Table 5-10. Estimated Cost - Removal/ l'reatment/Disposal Alternative (SS-10/SW-9).
(page 2 of 2)

CAPITAL OPERATION AND
MAINTENANCE

$5,781 K 000

-Includes:
Removal of the containirated maleria
and site restorati(n

Transportation of the excavated
material to a common disposal facilit

$1,510,000

*Includes:
Removal of the cnsanimated nat riat
and site restoration

Transportation of ihe excavated
material to a common disposal facility

*lsncludle
Trcalsent of the contaminated
ma erial (i.e., soil washing)

$1 37,00C

eluucludes
Treatmesst of the contaminated
material (i.e., compaction and
thermal desorption)

PRESENT
WORTH

$40,000,000

$2,530,000

Cost: Costs for implementing any alteriative will be operable unit specific regarding any proposed mitigationlrestoration measures and
protection of natural resources. All alternatives will inclu Je cts for mitigative measures. These costs will be determined on an
operable unit specific basis. In cases where remedial worK can impact threatened and/or endangered species or sensitive habitat,
costs may be increased by necessity to avoid certain area or ]I dt work during certain time periods (seasons).

5-'5

$38,100,000

COST

Pipelines

Burial grounds
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6.0 COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

This section presents the rationale and results for a comparison of Remedial
Alternatives for each waste site group. The basis for this comparison was established by
using the nine CERCLA criteria (EPA 1988) discussed in Section 5.0. Key discriminators
were selected within the evaluation criteria to obtain an overall ranking that could be used to
compare various Remedial Alternatives for each waste site group. This comparative analysis
identifies the relative advantages and disadvaitages of each alternative, providing a basis for
selecting a Remedial Alternative.

The alternatives are compared for each waste site group except D&D sites and seal pit
cribs. There is only one appropriate alternative for each of these two waste site groups; the
No Action Alternative (Section 4.2 and Tables 4-1 and 4-2). Therefore, no comparison of
alternatives is performed for these two waste site groups because the only alternative
considered is No Action.

For the waste site groups other than scal pit cribs and decommissioned and
decontaminated facilities, the No Action Altei native is included only to provide for the
comparison. This is because the detailed analysis presented in Section 5.0 concludes that the
No Action Alternative does not satisfy the threshold criteria for the retention basins, process
effluent trenches, fuel storage basin trenches, sludge trenches, pluto cribs, dummy
decontamination cribs/french drains, pipelines or burial grounds. By not satisfying the
threshold criteria, the No Action Alternative is not considered a viable alternative.

6.1 EVALUATION CRITERIA AND KEY DISCRIMINATORS

To facilitate the evaluation of Remedial Alternatives, CERCLA has identified nine
specific evaluation criteria (EPA 1988):

0 Overall protection of human health and the environment
* Compliance with ARARs
a Long-term effectiveness and pe-manence
* Reduction of toxicity, mobility. and volume through treatment
* Short-term effectiveness
a Implementability
a Cost
a State acceptance
* Community acceptance.

The first two criteria, overall protectio of human health and the environment and
compliance with ARARs, are threshold criteri because the Remedial Alternative either meets
or does not meet the criteria. Remedial Alter iatives must be protective of human health and
the environment to be considered a viable Retiedial Alternative. Additionally, all
alternatives selected for consideration in a feasibility study must meet ARARs to the extent
practicable unless a waiver can be justified. Thus, these two threshold criteria are not
factored into the quantitative comparative analysis presented in this section. The last two
criteria, state and community acceptance, cam ot be evaluated until after the proposed plan
has been issued and therefore are not used in lie quantitative evaluation presented below.



DOE /RL-94-61
Zev 0

The NEPA values, such as transportvtion and natural resource impacts, are integrated
into the short-term and long-term effectivenuss criteria for the purposes of this evaluation.

Based on the CERCLA evaluation er teria and current knowledge of the 100 Area
sites, key discriminators were identified witHin the following five evaluation criteria.

* Long-term effectiveness and permane nce
* Reduction of toxicity, mobility, or vclune through treatment
e Short-term effectiveness
* Implementability
* Cost.

Sections 6.1.1 through 6.1.5 discuss the five eviluation criteria and associated key
discriminators.

6.1.1 Long-term Effectiveness and Pernanence

The main consideration in this criterik is the long-term consequence of the Remedial
Alternative. Key discriminators for this criteria, and an example of significant alternative
differences and how they were emphasized during the comparative analysis, include the
following:

* Residual risk (e.g., removal ol the source contaminants eliminates site risk,
while capping wastes in place esults in residual risk req ring monitoring).

e Adequacy and reliability of coitro s (e.g., the Containment Alternative needs
to address the reliability of the containment barrier and the Removal/Disposal
Alternative needs to address the reliability of the engineered disposal site).

* Long-term natural resource/Lnx ironmental consequences (includes indirect and
cumulative effects, and irrevers ibk and irretrievable commitment of
resources).

6.1.2 Reduction of Toxicity, Mobility, or Voliime through Treatment

The key consideration in this criteria i: the ability to reduce the mobility, toxicity, or
volume of contaminants. Almost all of the alternatives considered will decrease contaminant
mobility using containment or treatment technalogies, but the effectiveness of the alternatives
differ. Some Remedial Alternatives will also reduce waste volume, using physical separation
processes to segregate clean material from contaminated material. Only a few of the
remedial technologies can reduce toxicity. Timrefore, the key discriminators for this
comparative evaluation are:

* Reduction in mobility of contan inants
* Reduction in volume of wastes.

6.1.3 Short-term Effectiveness

EPA (1988) includes several discriminators (risk to the community, risk to the worker
and risk to the environment) in the short-term effectiveness criteria. There are also NEPA
values that relate to short-term effectiveness insluding potential impacts to cultural resources,

6 2
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natural resources, socioeconomics, and transportation. The health risk to the community is
considered insignificant for this evaluation because the remote location of the 100 Area.
Socioeconomics was not considered a key discriminator because there probably would not be
much difference in the impacts of the Remedial Alternatives being considered at the regional
level. The risk to the environment will vary at each waste site. The vegetation and natural
habitats at many of the waste sites have been previously disturbed so these impacts may be
minor. However, impacts to protected or sgnsitive species may be critical. Thus, the key
discriminators for this criteria are:

* Risk to workers
* Transportation impacts
* Risks to natural and cultural 7esources.

6.1.4 Implementability

Technical feasibility, administrative feasibility, and availability of services and
materials are discriminators for implementability (EPA [988). Technical feasibility is
important because it takes into account techniica aspects of implementing a remedial action.
Administrative feasibility considers how consistent the remedial action is with the final
action. Since final land use is unknown, the interim remedial actions considered were based
on the assumption of unrestricted land use ir the future. Administrative feasibility is also
significant because it includes coordination with other agencies and parties (agencies,
trustees, tribes). Availability of services anc materials is significant when considering waste
removal and disposal, In Situ Treatment, capping, and sources of fill material.

The key discriminators are as follows.

e Technical feasibility
* Administrative feasibility
* Availability of services and au terials.

6.1.5 Cost

The estimated cost of each alternative is considered in all evaluations. The estimated
costs available at this time should only be used to compare relative differences between
Remedial Alternatives. It is not intended to be an accurate estimate of actual complete costs
to remediate the sites.

6.2 WASTE SITE GROUPS AND REMEDJATION ALTERNATIVES

Tables 4-1 and 4-2 indicate which Remedial Alternatives are appropriate for each
waste site group. The specific waste site groups and reniediation alternatives available for
each group are summarized in Table 6-1.

6 3
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6.3 SCORING AND WEIGHTING RATIONALE

6.3.1 Scoring and Weighting

Based on the key discriminators for e:lch of the five evaluation criteria, waste
site groups were scored to obtain an overall tanking that could be used to quantitatively
compare Remedial Alternatives. Criteria scoring was done on a 1 to 10 scale as described in
Table 6-2. Odd number scores (1,3,5,7,9) were primarily used to differentiate the criteria.
In situations where it was difficult to give a score using odd numbers, even numbers were
used. For example, if a Remedial Alternativr was not as good as a five but better than a
three a score of four was given.

Costs were scored on a I to 10 scale. TL provide relative comparisons, cost
estimates were normalized to achieve comparible scores. By doing this, the Remedial
Alternative with the lowest cost received a score of 10 and the other Remedial Alternative
costs were scored proportionately. An example of how scores were achieved is provided in
Table 6-3.

6.3.1.1 Weighting. Each of the five criteria were assigned a veight between zero and one.
For interim action, some criteria were consideret more important than others. Long-term
effectiveness, implementability, and cost criteria were equally weighted as one (1.0). Short-
term effectiveness and reduction in toxicity, nioblity, and volume were given a one-half
(0.5) weight because their importance for evaluating interim action was considered lower
than the other three criteria.

Each of the five evaluation criteria for eat h waste site group and associated Remedial
Alternative were scored. The weighting factcrs were multiplied by the score and summed to
achieve an overall ranking.

6.4 COMPARISON OF REMEDIAL Al TERNATIVES

This section provides the results, rationale, and considerations that reflect the
comparative evaluation of Remedial Alternatives. Tables 6-4 through 6-11 present the results
of the scoring and ranking process for each waste site group. Costs for all Remedial
Alternatives are shown in Table 6-12.

6.4.1 Retention Basins

The Removal/Disposal and Removal/Treatment/Disposal Alternatives are appropriate
for remediating the retention basins (Sections 4.0 and 5.0). Based on the scoring/weighing
process described in Section 6.3, the Removal/Disposal Alternative is the best (Table 6-4).

6.4.1.1 Long-term Effectiveness and Permanence. The Removal/Treatment/Disposal
Alternative received the highest score for long-term effectiveness and permanence for
remediation of the retention basins (Table 6-4'. This alternative would remove all
contaminated soils and concrete from the wastz site, treat all or a portion of the soils, and
dispose of the treatment residuals at a central disposal facility. There would be no long-term
restrictions on land use at the waste site following remediation. There would be a
commitment of land at the central waste dispoial Facility to manage the treatment residuals
from the retention basins. However, because he treatment component of this alternative
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would reduce the volume of wastes in comp rison to the Removal/Disposal Alternative, less
space will be needed at the central disposal facility. Also, because the clean soils resulting
from the treatment process can be used as clean fill at the waste site, the
Removal/Treatment/Disposal Alternative would require less importing of clean soil from
offsite (outside the operable unit) borrow areas. Long-term negative impacts of the
Removal/Treatment/Disposal and Removal/Disposal Alternatives include the requirement for
continuous waste management.

The Removal/Disposal Alternative w( uld have the same long-term benefits as the
Removal/Treatment/Disposal Alternative. The Removal/Disposal Alternative would remove
all of the contaminated soil from the waste site, and the land would be available for many
different uses. There would be no need for land use controls. The wastes would be
managed at a central disposal facility specifically designed for that purpose. All of the
contaminated soil from the retention basins gould be taken to the central disposal facility.
The Removal/Disposal Alternative would, therefore, require more disposal volume than the
Removal/Treatment/Disposal Alternative. A so, the Removal/Disposal Alternative would
require more clean fill from offsite borrow areas because there is no treatment component to
clean some of the contaminated onsite soils.

6.4.1.2 Reduction in Toxicity, Mobility. or Volume. Both the Removal/Disposal and
Removal/Treatment/Disposal Alternatives would to some extent, reduce the mobility of the
contaminants at the retention basins. The Removal/Disposal Alternative would place all
wastes within a central disposal facility. Thik would reduce mobility, but would not change
the toxicity or the volume of the wastes. Tle Removal/Treatment/Disposal Alternative,
however, would treat some of the wastes and thereby reduce the volume of contaminated
soils in some cases by about 50%. Because ihe contaminants at the retention basins are
radionuclides and metals and the treatment processes are essentially physical separation and
washing technologies, this alternative would rot reduce the toxicity of the contaminants. The
treatment residuals (remaining contaminated soils) would be disposed at the central disposal
facility and, therefore, the mobility of the contaminants would be reduced the same as for the
Removal/Disposal Alternative. The Removal 'Treatment/Disposal Alternative was ranked the
best for reduction of mobility, toxicity, and Nolune (Table 6-4) because it would reduce both
the volume and mobility of the remaining vaites

6.4.1.3 Short-term Effectiveness. The Remioval/Disposal Alternative was ranked better
than the Removal/Treatment/Disposal Alternative for short-term effectiveness (Table 6-4).
Short-term effectiveness was evaluated by coiisidcring risks to workers doing the
remediation, potential risks to cultural and natural resources resulting from the remedial
activities, duration of the remedial action, and transportation requirements (hauling wastes
from the operable unit, hauling equipment and supplies to the site, and hauling clean fill to
the operable unit for restoration).

The Removal/Disposal Alternative requires excavation and transportation of the
wastes to a central disposal facility. This could potentially expose workers to the
contaminated soil. However, the remedial actior would require only routine excavation and
hauling activities, and these actions could be implemented using effective controls to protect
workers. The Removal/Disposal Alternative would have some short-term effects on
vegetation and wildlife, but most of these short-term impacts could be avoided or reduced by
proper implementation of the alternative. If there are cultural resources present, they would
be identified during excavation and addressed according to the cultural resources action plan.
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The Removal/Disposal Alternative would tace less time to implement than the
Removal/Treatment/Disposal Alternative.

The Removal/Treatment/Disposal Alternative would disturb more land area than the
Removal/Disposal Alternative because of the need to set up treatment facilities, potentially
causing greater impacts to natural and cultuial resources. Workers would be exposed to soil
contaminants during treatment, in addition to e) cavat ion and hauling. Workers would
potentially be exposed to treatment solutions, air emissions, and water effluent associated
with the treatment operations. The Removal/Tieatment/Disposal Alternative would reduce
the volume of wastes to be hauled to the centra disposal facility, and also reduce the volume
of clean fill needed from offsite borrow areas. Finally, the Removal/Treatment/Disposal
Alternative would present the highest potential tor accidental releases of substances
associated with the remedial activities, which includes fuels and lubricants, and contaminated
water.

6.4.1.4 Implementability. For technical i.nd administrative feasibility reasons, the
Removal/Disposal Alternative is easier to implement-than the Removal/Treatment/Disposal
Alternative. The technical aspects of excavation and hauling are routine. The
Removal/Treatment/Disposal Alternative includes treatment technologies as well as
excavation and hauling, and is technically more difficult to implement than the
Removal/Disposal Alternative.

Interagency coordination and regulatory compliance associated for the
Removal/I)isposal Alternative would be easikr to accomplish Ihan for the
Removal/Treatment/Disposal Alternative, pri rnai ily because the treatment aspects of the
Removal/Treatment/Disposal Alternative add ARARs.

6.4.1.5 Costs. Costs for the Removal/Disposal Alternative are less than for the
Removal/Treatment/Disposal Alternative (Table 6-12),

6.4.2 Fuel Storage Basin Trenches

The Removal/Disposal and Removal/reatmenl/Disposal Alternatives are the
appropriate Remedial Alternatives for the fuei storage basin trenches. The Removal/Disposal
Alternative ranked slightly higher than the Removal/Treatment/Disposal Alternative
(Table 6-5).

6.4.2.1 Long-term Effectiveness and Permanence. The Removal/Treatment/Disposal
Alternative received a higher score than the Removal/Disposal Alternative for long-term
effectiveness. This alternative would remove all contaminated soils from the waste site, treat
all or a portion of the soils, and place the treatment residuals in the central waste disposal
facility where they would be managed along 'vith wastes from other waste sites. There
would be no long-term restrictions on land us at the waste site. There would be a
commitment of land at the central waste disposal facility to manage the treatment residuals
from the fuel basin trenches. However, because the treatment component of this alternative
would reduce the volume of wastes in comparison to the Removal/Disposal Alternative, less
space will be needed at the central disposal facility. Also, because the clean soils resulting
from the treatment process can be used as clean fill at the waste site, the
Removal/Treatment/Disposal Alternative would require less importing of clean soil from
offsite (outside the operable unitl borrow aiea. ong-term negative impacts of the
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Removal/Treatment/Disposal and Removal/ Disoosal Alternatives include the requirement for
continuous waste management.

The Removal/Disposal Alternative would have the same long-term benefits as the
Removal/Treatment/Disposal Alternative. The Removal/Disposal Alternative would remove
all of the contaminated soil from the waste site, and the land would be available for many
different uses. There would be no need for laid use controls. The wastes would be
managed at a central disposal facility specif cal y designed for that purpose. All of the
contaminated soil fuel storage basin trenches would be taken to the central disposal facility.
The Removal/Disposal Alternative would, therefore, require more disposal volume than the
Removal/Treatment/Disposal Alternative. Also, the Removal/Disposal Alternative would
require more clean fill from offsite borrow areas because there is no treatment component to
clean some of the contaminated onsite soils.

6.4.2.2 Reduction in Toxicity, Mobility, or Volume. Both the Removal/Disposal and the
Removal/Treatment/Disposal Alternatives reduce the mobility of the contaminants by placing
the contaminants in a central disposal facility. iiowever, the Removal/Treatment/Disposal
Alternative scored higher in this category because the volume of contaminated soil is reduced
through treatment, reducing the amount of c:mtaminated soil taken to a central disposal
facility.

6.4.2.3 Short-term Effectiveness. '[he Renoval/Disposal Alternative scored higher than
the Removal/Treatment/Disposal Alternative for short-term effectiveness. Using the
Removal/Treatment/Disposal Alternative, the short-term impacts to land, worker safety, and
natural resources would be greater because soil :reatment results in more handling of the
contaminated soils, increased worker exposure to contaminants, and a greater overall land
disturbance. Transportation between the treatment facility and the waste site, and the
handling of the contaminated soils at the treatment facility, results in greater exposure to
workers and a higher potential for spills, fugitive dust, noise, and air impacts. Treatment
results in a longer schedule and would, therefore, increase exposure time for workers and
wildlife.

6.4.2.4 Implementability. The Removal/Disposal Alternative is easier to accomplish than
the Removal/Treatment/Disposal Alternative because the latter alternative requires a
treatment facility. The Removal/Treatme nt/D isposal Alternative scored lower for
implementability because implementation is more complex, time schedules are longer, and
regulatory requirements are more numerous. Administrative actions would be easier to
accomplish using the Removal/Disposal Alternative and fewer services and materials are
required using the Removal/Disposal Alternaiive

6.4.2.5 Costs. Costs for the Removal/Disposa, Alternative are less than for the
Removal/Treatment/Disposal Alternative (TaHe (1-12).

6.4.3 Process Effluent Trenches

The three appropriate alternatives to rmediate the process effluent trenches are
(1) Removal/disposal, (2) In Situ Vitrification, and (3) Removal/Treatment/Disposal
(Sections 4.0 and 5.0). The Removal/Disposal Alternative ranked the highest followed by
the Removal/Treatment/Disposal Alternative and Iie In Situ Vitrification Alternative
(Table 6-6).
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6.4.3.1 Long-term Effectiveness and Permanence. The best alternative for remediation of
the process effluent trenches for long-term effectiveness and permanence is the
Removal/Treatment/Disposal Alternative followed by the Removal/Disposal Alternative and
then the In Situ Vitrification Alternative (Table 0-6). The Removal/Treatment/Disposal
Alternative would remove all contaminated soils from the waste site, treat all or a portion of
the soils, and place the treatment residuals in the central waste disposal facility where they
would be managed along with wastes from other waste sites. There would be no long-term
restrictions on land use at the waste site. rhre would be a commitment of land at the
central waste disposal facility to manage the treatment residuals from the process effluent
trenches. However, because the treatment component of this alternative would reduce the
volume of wastes in comparison to the RemovaliDisposal Alternative, less space will be
needed at the central disposal facility. Also, because the clean soils resulting from the
treatment process can be used as clean fill at the waste site, the Removal/Treatment/Disposal
Alternative would require less importing of c-eat soil from offsite (outside the operable unit)
borrow areas. Long-term negative impacts ol the Removal/Treatment/Disposal and
Removal/Disposal Alternatives include the requirement for continuous waste management.

'The Removal/Disposal Alternative woild have the same long-term benefits as the
Removal/Treatment/Disposal Alternative. The Removal/Disposal Alternative would remove
all of the contaminated soil front the waste si e, and there would be no need for land use
controls. The wastes would be managed at a central disposal facility specifically designed
for that purpose. All of the contaminated soil from the process effluent trenches would be
taken to the central disposal facility. The Removal/Disposal Alternative would, therefore,
require more disposal volume than the Removal/Treatment/Disposal Alternative. Also, the
Removal/Disposal Alternative would require nore clean fill from offsite borrow areas
because there is no treatment component to clean some of the contaminated onsite soils.

In Situ Vitrification of the soils at the proijess effluent trenches would effectively
immobilize the wastes by incorporating the contaminants into a glassy matrix. The vitrified
wastes would be covered by at least one meter of clean soil/fill. The land surface of the
operable unit could then be released for linmited long-term use; but because of the subsurface
vitrified wastes, some deed restrictions or oth.ir I md use controls would be required. The In
Situ Vitrification Alternative, however, does not require transport of wastes to, and use of an
offsite disposal facility.

In Situ Vitrification is an innovative te;hnology used at several hazardous waste sites.
The In Situ Vitrification Alternative would require groundwater monitoring at the operable
unit to monitor for the potential migration of tonsaminants because the vitrification process
may not treat all of the wastes. The presence of the subsurface glassy mass caused by the
vitrification process would preclude some wildlife use of the area (burrowing animals and
their prey) and prevent reestablishment of deep rooted vegetation. Although it is unlikely
that cultural resources exist in or adjacent to Cie process effluent trenches (because of prior
industrial use/disturbance), In Situ Vitrificatio w 'AOuld incorporate resources present at the
site into the glassy matrix. In Situ Vitrificati n was given the lowest score for long-term
effectiveness and permanence primarily because i would require land use restrictions and the
uncertainties associated with possible future contaminant migration from the waste site.

6.4.3.2 Reduction in Mobility, Toxicity, or Volume. The Removal/Disposal, In Situ
Vitrification, and Removal/Treatment/Disposa: Alternatives would reduce the mobility of the
contaminants to some extent. The Removal/Disposal Alternative would place all wastes
within the central disposal facilitv. This woul I r( duce mobility, but not change the toxicity
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or the amount of the wastes. In Situ Vitrif cation would immobilize the wastes within a
vitrified matrix and leave the wastes at the operable unit. In the long term, In Situ
Vitrification would be more effective in reducing the mobility of the contaminants than the
Removal/ Disposal Alternative, but the in situ treatment would not reduce the toxicity or the
volume of the wastes (same for the Removal/Disposal Alternative). The Removal/Treatment/
Disposal Alternative would treat some of the wastes and reduce the volume of contaminated
soils. However, because the contaminants at the process effluent trenches are radionuclides
and metals, and the treatment processes are essentially physical separation and washing
technologies, this alternative would not reduce the toicity of the contaminants. The
treatment residuals (remaining contaminated soils) would be disposed at the central disposal
facility and, therefore, the mobility of the contaminants would be reduced the same as for the
Removal/Disposal Alternative. For the reduction of mobility, toxicity, and volume category,
the Removal/Disposal Alternative scored lowest, the In Situ Vitrification Alternative scored
highest, and the Removal/Treatment/Disposal Alternative scored between these two
alternatives.

6.4.3.3 Short-term Effectiveness. The Removal/Disposal and In Situ Vitrification
Alternatives are rated high (for different reasons) for short-term effectiveness (Table 6-6).
The Removal/Treatment/Disposal Alternativ. received the lowest score.

The In Situ Vitrification Alternative tioe not require transporting wastes to the central
disposal facility, and requires less clean fill and topsoil than the Removal/Disposal and
Removal/Treatment/Disposal Alternatives. The Removal /Treatment/Disposal Alternative
would require the most equipment and supplies. The In Situ Alternative would not expose
the workers directly to the contaminants becaus. the wastes would be left in place. There is,
however, a potential for worker exposure to treatment off-gases. The In Situ Alternative
would cause the least land disturbance and require the least onsite activities, and therefore is
the least likely of the three alternatives to impact natural and cultural resources in the short
term. However, if there are cultural resources present. the in situ treatment process would
result in the irretrievable loss of those resouices

The Removal/Disposal Alternative requir 2s excavation and transportation of the
wastes to a central disposal facility. The excavation could potentially expose workers
directly to the contaminated soil. However, this remedial action would require only routine
excavation and hauling activities, and these actions could be implemented with effective
controls to protect workers. The Remove/Disposal Alternative would have some short-term
effects on vegetation and wildlife, but most of these short-term impacts could be avoided or
reduced by proper implementation of the alternative. [f there are cultural resources present,
they would be identified during excavation and addressed according to the cultural resources
action plan.

The Removal/Treatment/Disposal Altrna ive would disturb more land area than the
Removal/Disposal and In Situ Vitrification Aiternatives, potentially causing greater impacts
to natural and cultural resources. Workers Aould be potentially exposed to the soil
contaminants during excavation, treatment, and hauling operations. Workers would also be
potentially exposed to treatment solutions, air emissions, and water effluents associated with
the treatment actions. The Removal/Treatment/Disposal Alternative would reduce the
volume of wastes to be hauled to the central disposal facility, and would also reduce the
volume of clean fill needed from offsite borrew ;reas. fhe Renioval/Treatment/Disposal
Alternative could also present the highest pot ntiad for accidental releases of substances
associated with the remedial activities, such a. fuels and lubricants, and contaminated water.
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6.4.3.4 Implementability. The Removal/Disposal Alternative is easier to implement than
the In Situ Vitrification and Removal/Treatment/Disposal Alternatives for technical and
administrative feasibility. The technical aspects of excavation and hauling are routine, but In
Situ Vitrification is an innovative technology requiring field investigations and field process
testing before full implementation. Site-specific geologic and contaminant conditions may
enhance or degrade the expected performancv of In Situ Vitrification and postremedy
monitoring would also be required because of the uncertainty regarding the complete
vitrification of all the wastes and the long-term stability of the vitrified material. The
Removal/Treatment/Disposal Alternative includes treatment technologies as well as
excavation and hauling and is, therefore, technically more difficult to implement than the
Removal/Disposal Alternative.

The anticipated interagency coordination associated with the Removal/Disposal
Alternative would be easier to accomplish th n for the In Situ Vitrification Alternative or the
Removal/Treatment/Disposal Alternative. In Sit Vitrification requires a specialty contractor
and may cause procurement delays. Vitrifiction requires additional contaminant
characterization to define the contaminant zone to be vitrified. Also, vitrification may not be
consistent with the intended final remedial ac ion at the waste site. The treatment process for
the Removal/Treatment/Disposal Alternative dds ARARs to this alternative. The scores for
the three alternatives are shown in Table 6-6.

6.4.3.5 Costs. Costs for the Removal/Disposal Alternative are less than costs for the
Removal/Treatment/Disposal and In Situ Vitr fication Alternatives (Table 6-12).

6.4.4 Sludge Trenches

The three appropriate alternatives for emediating the sludge trenches are (1)
removal/disposal, (2) In Situ Vitrification, and (3) removal/treatment/disposal (Sections 4.0
and 5.0). The Removal/Disposal Alternative received the highest ranking followed by the
Removal/Treatmenl/Disposal Alternative and 'hen the In Situ Vitrification Alternative
(Table 6-7).

6.4.4.1 Long-term Effectiveness and Permanence. The best alternative for remediating
the sludge trenches for long-term effectivenes. is the Removal/Treatment/Disposal
Alternative. This alternative would remove a I contaminated soils from the waste site, treat
all or a portion of the soils, and place the trei tmcnt residuals in the central waste disposal
facility where they would be managed along with wastes from other waste sites. There
would be no long-term restrictions on land use at the waste site. There would be a
commitment of land at the central waste dispcsal faciFty to manage the treatment residuals
from the sludge trenches. However, because he treatnit component of this alternative
would reduce the volume of wastes in compai son to the Removal/Disposal Alternative, less
space will be needed at the central disposal facility. Also, because the clean soils resulting
from the treatment process can be used as clen fill at the waste site, the Removal/
Treatment/Disposal Alternative would require les importing of clean soil from offsite
(outside the operable unit) borrow areas. I org-tt rm negative impacts of the
Removal/Treatment/Disposal and Removal/Di poal Alernatives include the requirement for
continuous waste management.

The Removal/Disposal Alternative would have the same long-term benefits as the
Removal/Treatment/Disposal Alternative. The Removal/Disposal Alternative would remove
all of the contaminated soil from the waste sit, aid there would be no need for land use
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controls. The wastes would be managed at a central disposal facility specifically designed
for that purpose. All of the contaminated sol from the sludge trenches would be taken to the
central disposal facility. The Removal/Disposal Alternative would, therefore, require more
disposal volume than the Removal/Treatment/Disposal Alternative. Also, the
Removal/Disposal Alternative would require more clean fill from offsite borrow areas
because there is no treatment component to clean some of the contaminated onsite soils.

In Situ Vitrification of the soils at the sludge trenches would effectively immobilize
the wastes by incorporating the contaminants into a glassy matrix. The vitrified wastes
would be covered by at least one meter of clean soil/fill. The land surface of the operable
unit could then be released for limited long-term use. However, because of the subsurface
vitrified wastes some deed restrictions or other land use controls would be required. The In
Situ Vitrification Alternative does not require transportation of wastes to, and use of an
offsite disposal facility.

In Situ Vitrification is an innovative technology used at several hazardous waste sites.
In Situ Vitrification would require groundwater monitoring at the operable unit to monitor for
the potential migration of contaminants because the vitrification process may not treat all of
the wastes. The presence of the subsurface glassy mass would preclude some wildlife use of
the area (burrowing animals and their prey) 2nd prevent reestablishment of deep rooted
vegetation. Although it is unlikely that cultural resources exist in or adjacent to the process
effluent trenches (because of prior industrial iseidisturbance), In Situ Vitrification would
incorporate any resources present at the site into the glassy matrix. In Situ Vitrification was
given the lowest score for long-term effectiveness and permanence primarily because it
would require land use restrictions and the uncertainties associated with possible future
contaminant migration from the waste site.

6.4.4.2 Reduction in Mobility, Toxicity, or Volume. The Remedial Alternatives
(removal/disposal, removal/treatment/disposa , and In Situ Vitrification) that could be used at
the sludge trenches would reduce the mobilit" of the contaminants to some extent, but none
of these alternatives will reduce the toxicity. ThI mobility of the wastes would be reduced
by containment at the central waste disposal lacility or conversion of the waste to a glassy
matrix. The Removal/Treatment/Disposal Alternative is the only alternative that would
reduce the volume of wastes. For the reducton of mobility, toxicity, and volume category,
the Removal/Disposal Alternative was considerec the worst, In Situ Vitrification was
considered the best, and the Removal/Treatment/l)isposal Alternative scored between these
two alternatives.

6.4.4.3 Short-term Effectiveness. Both the Removal/Disposal and In Situ Vitrification
Alternatives rated high. The Removal/Treatment/Disposal Alternative scored low because
the treatment component increases (1) the tim2 required to complete the action, (2) the risk
to workers, and (3) the potential risk to naturil and cultural resources. The transportation
impacts of the Removal/Treatment/Disposal and lie Removal/Disposal Alternatives would be
about the same, while the In Situ Vitrificatiot Aliernative would have the least transportation
impact.

The In Situ Vitrification Alternative would pose Iewer risks to workers than the
Removal/Disposal and Removal/Treatment/Disposal Alternatives because the wastes would
be left in place. The Removal/Treatment/Disposal Alternative would pose the greatest risk
to workers. In addition to the excavation and hailing activities, the treatment of the waste
would expose the workers directly to the contaminated sludges and to hazardous materials
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associated with the treatment process. Physacal hazards would also be present during
treatment. The Removal/Treatment/Disposal Alternative will disturb a larger land area than
the Removal/Disposal and In Situ Vitrification Alternatives, potentially causing more impacts
to natural and cultural resources. In Situ Vitrification may result in the irretrievable loss of
cultural resources.

6.4.4.4 Iniplementability. The Removal/Disposal Alternative is easier to implement than
the In Situ Vitrification and Removal/Treatment/Disposal Alternatives for technical and
administrative feasibility. The technical aspects of excavation and hauling are routine, but In
Situ Vitrification is an innovative technology requiring field investigations and field process
testing before full implementation. Site-spectfic geologic and contaminant conditions may
enhance or degrade the expected performance of [n Situ Vitrification and postremedy
monitoring would also be required because of the uncertainty regarding the complete
vitrification of all the wastes and the long-term stability of the vitrified material. The
Removal/Treatment/Disposal Alternative includes treatment technologies as well as
excavation and hauling and is, therefore, teclinically more difficult to implement than the
Removal/Disposal Alternative.

The anticipated interagency coordination associated with the Removal/Disposal
Alternative would be easier to accomplish than for the In Situ Vitrification Alternative or the
Removal/Treatment/Disposal Alternative. In Situ Vitrification requires a specialty contractor
and may cause procurement delays. Vitrifica ion requires additional contaminant
characterization to define the contaminant zone to be vitrified. Also, vitrification may not be
consistent with the intended final remedial actton at the waste site. The treatment process for
the Removal/Treatment/Disposal Alternative vdds ARARs to this alternative. The scores for
the three alternatives are shown in Table 6-6.

6.4.4.5 Costs. Costs for the Removal/Dispoal Alternative are less than for the
Removal/Treatment/Disposal and In Situ Vitrification Alternatives (Table 6-12).

6.4.5 Pluto Cribs

Removal/Disposal, In Situ Vitrification aid Removal/Treatment/Disposal are the
appropriate alternatives for remediating the pluto '.ribs. The Removal/Disposal Alternative
received the highest ranking followed by the Fem-wal/Treatment/Disposal and In Situ
Vitrification Alternatives (Table 6-8).

6.4.5.1 Long-term Effectiveness and Permanence. The Removal/Treatment/Disposal
Alternative is the best alternative for remediating the pluto cribs for long-term effectiveness
and permanence. The Removal/Treatment/Disposal Alternative would remove all
contaminated soils from the waste site, segregate the wooden timbers from the soil, treat the
soils, and dispose of the treatment residuals at a central disposal facility. There would be no
long-term restrictions on land use at the waste site. There would be a commitment of land at
the central waste disposan facility to manage tht treatment residuals from the pluto cribs.
However, because the treatment component of this alternative would reduce the volume of
wastes in comparison to the Removal/Disposal Alternative, less space will be needed at the
central disposal facility. Also, because the cle~an soils resulting from the treatment process
can be used as clean fill at the waste site, the Removal/Treatment/Disposal Alternative would
require less importing of clean soil from offsite (outside the operable unit) borrow areas.
Long-term negative impacts of the Removal/Tri.atment/Disposal and Removal/Disposal
Alternatives include the requirement for continuous waste management.
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The Removal/Disposal Alternative %A ould have the same long-term benefits as the
Removal/Treatment/Disposal Alternative. t he Removal/Disposal Alternative would remove
all of the contaminated soil from the waste site, and there would be no need for land use
controls. The wastes would be managed at a central disposal facility specifically designed
for that purpose. All of the contaminated soil from the pluto cribs would be taken to the
central disposal facility. The Removal/Disposal Alternative would, therefore, require more
disposal volume than the Removal/Treatment/Disposal Alternative. Also, the
Removal/Disposal Alternative would require more clean fill from offsite borrow areas
because there is no treatment component to clean some of the contaminated onsite soils.

In Situ Vitrification of the soils and voeden timbers in the pluto cribs would
effectively immobilize the wastes by incorporating the contaminants into a glassy matrix.
The vitrified wastes would be covered by at least one meter of clean soil/fill. The land
surface of the operable unit could then be r leased for limited long-term use. However,
because of the subsurface vitrified wastes some deed restrictions or other land use controls
would be required. The In Situ Vitrification Alternative does not require transportation of
wastes to, and use of an offsite disposal facility

In Situ Vitrification is an innovative echnology used at several hazardous waste sites.
In Situ Vitrification would require groundwater monitoring at the operable unit to monitor for
the potential migration of contaminants beca ise the vitrification process may not treat all of
the wastes. The presence of the subsurface glassy mass would preclude some wildlife use of
the area (burrowing animals and their prey) And prevent reestablishment of deep rooted
vegetation. Although it is unlikely that culttral resources exist in or adjacent to the process
effluent trenches (because of prior industrial use/disturbance), In Situ Vitrification would
incorporate any resources present at the site intc the glassy matrix. In Situ Vitrification was
given the lowest score for long -term effectiv ness and permanence primarily because it
would require land use restrictions and the uicertainties associated with possible future
contaminant migration from the waste site.

6.4.5.2 Reduction in Mobility, Toxicity, or Volume. The three Remedial Alternatives
(Removal/Disposal, Removal/Treatment/Disposal, and In Situ Vitrification) that could be
used at the pluto cribs would reduce the mobility of the contaminants to some extent, but
none of these alternatives would reduce the toxicity. The mobility of the wastes would be
reduced by containment at the central waste disposal facility or conversion of the waste to a
glassy matrix. The Removal/Treatment/Disposa Alternative is the only alternative that
would reduce the volume of wastes. The Removal/Disposal Alternative received the lowest
score for reduction of mobility, toxicity, and volume; the In Situ Vitrification Alternative
received the highest score and the Removal/Treatment/Disposal Alternative scored between
these two alternatives (Table 6-8).

6.4.5.3 Short-term Effectiveness. The Reriovil/Disposal and In Situ Vitrification
Alternatives were rated high (Table 6-8). ITh Removal /Treatment/Disposal Alternative
scored low because the treatment component if this alternative increases (1) the time
required to complete the action, (2) the risk to workers, and (3) the potential risk to natural
and cultural resources. The transportation impacts of the Removal/Treatment/Disposal and
the Removal/Disposal Alternatives would be ibout the same, while the In Situ Vitrification
Alternative would have the least impact for tr insportation.

The In Situ Vitrification Alternative w )uld pose tewer risks to workers than the
Removal/Disposal and Removal/Treatment/D sposal Alternatives because the wastes would
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be left in place. The Removal/Treatment/Disposal Alternative would pose the most risk to
workers. In addition to the excavation and hauling activities, the treatment of the waste
would expose the workers directly to contaminated soils, contaminated wood, and to
hazardous materials associated with the treatment process. Physical hazards would also be
present during treatment.

The Removal/Treatment/Disposal Alte native would disturb more land area than the
Removal/Disposal and In Situ Vitrification Alrernatives and, therefore, would probably cause
greater impacts to natural and cultural resources.

6.4.5.4 Implementability. The Renoval/Diposal Alternative is easier to implement than
the In Situ Vitrification and Removal/Treatment/Disposal Alternatives for technical and
administrative feasibility. The technical aspects of excavation and hauling are routine, but In
Situ Vitrification is an innovative technology icquiring field investigations and field process
testing before full implementation. Site-specific geologic and contaminant conditions may
enhance or degrade the expected performance of in Situ Vitrification and postremedy
monitoring would also be required because of the uncertainty regarding the complete
vitrification of all the wastes and the long-terri stability of the vitrified material. The
Removal/Treatment/Disposal Alternative includes treatment technologies as well as
excavation and hauling and is, therefore, techn ically more difficult to implement than the
Removal/Disposal Alternative.

The anticipated interagency coordination a;sociated with the Removal/Disposal
Alternative would be easier to accomplish than for the In Situ Vitrification Alternative or the
Removal/Treatment/Disposal Alternative. In situ Vitrification requires a specialty contractor
and may cause procurement delays. Vitrificaton requires additional contaminant
characterization to define the contaminant zone to be vitrified. Also, vitrification may not be
consistent with the intended final remedial action it the waste site. The treatment process for
the Removal/Treatment/Disposal Alternative adds ARARs to this alternative. The scores for
the three alternatives are shown in Table 6-6.

6.4.5.5 Costs. Costs for the Removal/Disposal Alternative are less than for the
Removal/Treatment/Disposal and In Situ Vitrilication Alternatives (Table 6-12).

6.4.6 Dummy Decontamination Cribs and French Drains

Removal/Disposal, Removal/Treatment Disposal. Containment, and In Situ
Vitrification are the four appropriate alternativ is for remediating the dummy decontamination
cribs and french drains (see Sections 4.0 and 5.0). Based on the scoring/weighing process
described in Section 6.4, the Removal/Disposa ard Removal/Treatment/Disposal
Alternatives received the highest scores followsd by the Containment and In Situ Vitrification
Alternatives (Table 6-9).

6.4.6.1 Long-term Effectiveness and Permanence. 'the Removal/Treatment/Disposal
Alternative is the best alternative for remediating the dummy decontamination cribs and
french drains for long-term effectiveness. This alternative would remove all contaminated
soils from the waste site, treat all or a portion of the soils, and place the treatment residuals
in the central waste disposal facilty. There wuuld be no long-term restrictions on land use
at the waste site. There would be a commitment (if land at the central waste disposal facility
to manage the treatment residuals from the crils a id french drains. However, because the
treatment component of this alternative would redt ce the volume of wastes in comparison to
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the Removal/Disposal Alternative, less space will be needed at the central disposal facility.
Also, because the clean soils resulting from the treatment process can be used as clean fill at
the waste site, the Removal/Treatment/Disposal Alternative would require less importing of
clean soil from offsite (outside the operable unit) borrow areas. Long-term negative impacts
for all four alternatives include the requirement for continuous waste management.

The Removal/Disposal Alternative wo ild have the same long-term benefits as the
Removal/Treatment/Disposal Alternative. The Removal/Disposal Alternative would remove
all of the contaminated soil from the waste site, and there would be no need for land use
controls. The wastes would be managed at a central disposal facility specifically designed
for that purpose. All of the contaminated soi from the dummy decontamination cribs and
french drains would be taken to the central disposal facility. The Removal/Disposal
Alternative would, therefore, require more disposal volume than the Removal/Treatment/
Disposal Alternative. Also, the Removal/Disposal Alternative would require more clean fill
from offsite borrow areas because there is no treatment component to clean some of the
contaminated onsite soils.

In Situ Vitrification of the soils at the dummy decontamination cribs and french drains
would effectively immobilize the wastes by incorporating the contaminants into a glassy
matrix. None of the wastes would be transported off the waste site. The vitrified wastes
would be covered by at least I m (3.28 ft) ot clean fill or soil. The surface of the waste site
would be available for limited uses in the long term, but some deed restrictions or other land
use controls would be necessary to maintain te integrity of the subsurface vitrified mass.

The vitrification process will not necessar ly treat all of the wastes, so there is a
potential for wastes migrating from the site. Groundwater monitoring, therefore, would be
required. The presence of the subsurface viti ified mass would preclude some wildlife use of
the area (burrowing animals and their prey) and he reestablishment of deep rooted
vegetation. Although it is unlikely that cultural resources may exist in or adjacent to the
decontamination cribs and french drains (bec use of prior industrial use/disturbance), In Situ
Vitrification would incorporate any resources present at the site into the glassy matrix.

The Containment Alternative would leave the contaminated soils in place and
construct an engineered barrier over the wastes. The harrier would reduce the mobility of
the contaminants by reducing infiltration into and through the waste site, and would
effectively sever the exposure pathway between tie contaminants in the wastes and the
potential receptors (humans, plants, and animals)

The negative aspects of the Containimn nt Alternative are similar to the In Situ
Vitrification Alternative. Waste will be left I v the Containment and In Situ Vitrification
Alternatives, requiring deed restrictions or so ne other form of institutional control. These
controls are needed to protect the iniegrity of the barrier and preclude activities that would
intrude into the wastes. Because the integrity of the engineered barrier may deteriorate over
time, groundwater monitoring and barrier maintenance activities would be required over time
at the waste site. The engineered barrier would equire several types of fill material, from
basalt rock to topsoil and, therefore, would require the excavation and transport of this
material from offsite borrow areas.

6.4.6.2 Reduction in Toxicity, Mobility, or Volume. All four of the Remedial
Alternatives (removal/disposal, removal/treatiien:/disposal, containment, and In Situ
Vitrification) that could be used at the dummy decontamination cribs and french drains would
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reduce the mobility of the contaminants to some extent, but only the
Removal/Treatment/Disposal Alternative would reduce the volume of the wastes. The
Removal/Treatment/Disposal Alternative would treat the wastes using primarily physical
separation technologies, and thereby would reduce the volume of the contaminated soils by
separating clean soils from the wastes. The treatment residuals would be placed in the
central disposal facility.

The Removal/Disposal, Containment and In Situ Vitrification Alternatives immobilize
the wastes using different technologies, but ionc of these alternatives would reduce the
volume. The Removal/Disposal Alternative reduces the mobility of the contaminants by
placing them in a central disposal facility while the Containment Alternative reduces the
mobility by placing an engineered barrier oxer wastes left in place at the waste site. The In
Situ Vitrification Alternative would preclude mobility by vitrifying the wastes into a solid
mass. The Containment Alternative is the least effective of these three alternatives in
reducing mobility over the long term. while the In Situ Vitrification Alternative is the best.
None of the four alternatives would reduce tie oxicity of the contaminants. The treatment
technologies used in the Removal/Treatment Dibposal Alternative are physical separation
techniques, and because the contaminants at he decontamination cribs and french drains are
limited to radionuclides and inorganic chemicals, there is no chemical treatment process that
will reduce toxicity.

6.4.6.3 Short-term Effectiveness. The Co itaioment and Removal/Disposal Alternatives are
rated high for short-term effectiveness. The Removal/Treatment/Disposal Alternative
received the lowest score of the four alternatives, primarily because of the increased risk and
added time of the treatment component. Shert-term effectiveness was evaluated based on
risks to workers doing the remediation, potential risks to cultural and natural resources
resulting from the remedial activities, duratic i of the remedial action, and transportation
requirements (hauling wastes from the site, hIuling equipment and supplies to the site, and
hauling clean fill to the waste site for restora ion).

The Containment Alternative would Leave the wastes in place so workers would not be
directly exposed to the contaminants. Materi i would have to be brought to the waste site
for constructing the engineered barrier so the e will be physical hazards associated with
excavation (at the offsite borrow areas) and hauling. Physical hazards would also be
associated with the construction of the onsite )arier, but these activities are routine
construction operations. The only area at the waste site that will be disturbed is the area
directly over the wastes (these areas have alrt ady been disturbed) and access roads. Potential
impacts to cultural and natural resources wou d, iherefore, be minimal. The duration of the
remedial action would be relatively short.

The Removal/Disposal Alternative reqtires excavation and transportation of the
wastes to the central disposal facility and, the efore, could potentially expose the workers
directly to the contaminated soil. However, tie remedial actions would require only routine
excavation and hauling activities so these acti ns could be implemented with effective
controls to protect workers. The Removal/Di posal Alternative would have some short-term
effects on vegetation and wildlife, but most of these short-term impacts could be avoided or
reduced by mitigation measures. If thLre are :utural resources present, they would be
identified during excavation and addressed acCurding to the cultural resources action plan.
The Removal/Disposal Alternative would take less time to implement than the
Removal/Treatment/Disposal Alternatixe, but note time to implement than the Containment
and In Situ Vitrification Alternatives.
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The In Situ Vitrification Alternative does not require transporting wastes to the central
disposal facility, and requires less clean fill and topsoil than the other three alternatives.
Equipment and supplies would be needed at the waste site for all four alternatives, but the In
Situ Vitrification and Removal/Treatment/Dispesal Alternatives will require the most. The
In Situ Vitrification would not expose the workers directly to the contaminants because the
wastes will be left in place. There is, however a potential for worker exposure to treatment
off-gases. In Situ Vitrification and Containment Alternatives would cause the least land
disturbance and require the least onsite actixities, and therefore are the least likely to impact
natural and cultural resources. However, if the-e are cultural resources present, the In Situ
Vitrification treatment process would result ;n the irretrievable loss of those resources.
Because the wastes will be left in place, the In Situ Vitrification and Containment
Alternatives provide no opportunity to acquire additional waste characterization data during
the remedial action.

The Removal/Treatment/Disposal Alt'2rnntive would disturb the largest land area, and
would probably cause more impacts to natural and cultural resources. Workers would be
exposed to soil contaminants during excavation and hauling, and would be exposed to
treatment solutions, air emissions, and water effluent associated with the treatment
operations. The Removal/Treatment/DisposI Al ternative would reduce the volume of wastes
to be hauled to the central disposal facility, tnd would also reduce the volume of clean fill
needed from offsite borrow areas. Finally, the Removal/Treatment/Disposal Alternative
would present the highest potential for accidental releases of substances associated with the
remedial activities, such as fuels and lubricants, solvents, and contaminated water.

6.4.6.4 linplementability. The Removal/Disp sal Alternative is the easiest of the four
alternatives to implement for both technical and administrative feasibility. The excavation
and hauling activities required in the Removal/Disposal Alternative are routine technologies
and all contractors have those technical capabilities. The administrative aspects are also
routine.

'[he Containment Alternative is also easy to implement from a technical perspective.
Engineered barriers are used routinely at hazardous waste sites. The Containment
Alternative requires no excavation or transportation of wastes. From an administrative
aspect, this action may not be consistent with the long-term goal of future unrestricted use of
the site. The Containment Alternative requires large amounts of soil and rock material for
construction of the engineered barrier, and this material would come from offsite borrow
areas.

The In Situ Vitrification Alternative is a relatively new technology with
implementation uncertainties. This alternativ. requires a specialty contractor with
vitrification experience. Field investigations would be required before implementing the
vitrification process to determine the extent of the contaminants within the waste site and
document the site specific conditions that can infl ience the success of this technology. Post-
remedy monitoring would also be required be ause of the uncertainty regarding the complete
vitrification of all the wastes and the long-terni stability of the vitrified material.

The Removal/Treatment/Disposal Altei nat ve inclides treatment technologies as well
as excavation and hauling and is, therefore, tethnieally difficult to implement. The technical
aspects of the treatment technologies planned lor this alternative are routine, but treatment by
any technology would increase technical difficulties. The regulatory aspects and anticipated
interagency coordination associated with the R memval/Trcatment/Disposal Alternative will be
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more difficult to accomplish than for the Removal/Disposal Alternative. The treatment
aspects of the Removal/Treatment/Disposal Alternative add ARARs because of the onsite
treatment operations, control of air emissions and wastewater effluent, and the potential
effects of the treatment activities on natural .nd cultural resources.

6.4.6.5 Costs. Costs for the Removal/Disposal Alternative are less than for the Removal/
Treatment/Disposal, In Situ Vitrification and Containment Alternatives (Table 6-12).

6.4.7 Pipelines

There are four appropriate Remedial \Iternatives for pipelines (removal/disposal,
removal/treatment/disposal, in situ grouting, ind containment). After the scoring was
applied, the Removal/Treatment/Disposal anc Removal/Disposal Alternatives ranked the
highest followed by containment and in situ grouting (Table 6-10). When discussing the
Removal/Treatment/Disposal Alternative in relation to pipelines, the treatment portion of this
alternative would consist of treating the associated contaminated soil by soil washing
techniques (Section 4.1.5.3). The excavated pipes would be removed and disposed of in a
central disposal facility.

6.4.7.1 Long-termi Effectiveness and Permanence. The Removal/Treatment/Disposal and
Removal/Disposal Alternatives received the highest scores for long-term effectiveness and
permanence and the In Situ Grouting and Containment Alternatives received lower scores
(Table 6-10). The Removal/Disposal and the Removal/Treatment/Disposal Alternatives
would remove all contaminated soils associatd Vwith the pipelines, and place the soils or
treatment residuals in the central waste disposal facility where they would be managed along
with wastes from other waste sites. There would be no long-term restrictions on land use at
the waste site. There would be a commitmert of land at the central waste disposal facility to
manage the soils or treatment residuals. The treJitmenr component of the Removal/
Treatment/Disposal Alternative would reduce the volume of wastes in comparison to the
Removal/Disposal Alternative, requiring less ipace at the central disposal facility. Also,
because the clean soils resulting from the treatment process can be used as clean fill at the
waste site, the Removal/Treatment/Disposal Alternative would require less importing of clean
soil from offsite (outside the operable unit) borrow areas. Long-term negative impacts of the
Removal/Treatment/Disposal and Removal/Disposal Alternatives include the requirement for
continuous waste management.

The Removal/Disposal Alternative would iave (he same long-term benefits as the
Removal/Treatment/Disposal Alternative. Boh alternatives would remove all of the
contaminated soil associated with the pipelines, and there would be no need for land use
controls. The wastes would be managed at a central disposal facility specifically designed
for that purpose. For the Removal/Disposal Alternative, all of the contaminated soil
associated with the pipelines would be taken to the central disposal facility. The
Removal/Disposal Alternative would, therefore, require more disposal volume than the
Removal/Treatment/ Disposal Alternative. Also, the Removal/Disposal Alternative would
require more clean fill from offsite borrow areas because there is no treatment component to
clean some of the contaminated onsite soils

In situ grouting received the third lowest score for long-term effectiveness and
permanence. In situ grm±ting would immobilize residual waste in the pipelines, but none of
the wastes would be removed. Grouting would not necessarily treat 100% of the waste and
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any contaminated soil associated with the pipelines would not be treated or removed. Soil
contaminants resulting from prior leaks would not be treated.

The Containment Alternative would h avc the contaminated pipelines and soils in
place and construct an engineered barrier over the wastes. The barrier would reduce the
mobility of the contaminants by reducing infiltration into and through the waste site, and
would effectively sever the exposure pathway between the contaminants in the wastes and the
potential receptors (humans, plants, and anin als.

Negative aspects of the Containment Alternative are similar to those of the In Situ
Grouting Alternative. For the Containment Alternative. the wastes would be left onsite so
deed restrictions or some other form of institutional control would be needed to protect the
integrity of the barrier and preclude activities that would intrude into the wastes. Because
the integrity of the engineered barrier may deteriorate over time, groundwater monitoring
would be required at the waste site along with barrier maintenance activities. The presence
of the barrier would limit vegetation to shallow looting plants, and would preclude full use of
the site by wildlife. The engineered barrier would require several types of fill material, from
basalt rock to topsoil and, therefore, would rtqu re the excavation and transport of this
material from offsite borrow areas.

6.4.7.2 Reduction in Toxicity, Mobility, or Volume. The Removal/Treatment/Disposal
and Removal/Disposal Alternatives received the highest scores to in situ routing and
containment (Table 6-10). Under these alternatives, there would be a reduction in
contaminant mobility at the waste site and at the central disposal facility. The
Removal/Disposal, Containment, and In Situ Grouting alternatives would contain the waste
using different technologies, but none would reduce the volume.

'The Removal/Disposal Alternative wold reduce the mobility of the contaminants by
placing them in a central disposal facility, wl ile the Containment Alternative would reduce
the mobility by placing an engineered barrier over wastes left in place at the waste site. The
Containment Alternative would reduce the water infiltration exposure pathway but long-term
barrier performance is unknown. The In Sit. Grouting Alternative would reduce mobility by
grouting the wastes in the pipelines. The Coitaitment Alternative is the least effective of the
alternatives for reducing long-term mobility.

None of the four alternatives would reduce the toxicity of the contaminants. The
treatment technologies used in the Removal/Treatment/Disposal Alternative are essentially
physical separation techniques to separate contaminated from clean soils, and therefore don't
change the toxicity.

6.4.7.3 Short-term Effectiveness. The Containment and In Situ Grouting alternatives
received the highest scores compared to the Removal/Dispose and Removal/Treatment/
Disposal Alternative for short-term effectiveness. For the Containment and In Situ Grouting
alternatives, there is a lower exposure risk to workers and less environmental impacts from
dust and noise. Cultural resources would be eft in place.

The Removal/Treatment/Disposal Alte-native received the lowest score (Table 6-10)
because the treatment component of this alternative increases (1) the time required to
complete the action, (2) the risk to workers, ind (3) the potential risk to natural and cultural
resources. The transportation impacts of the Removal/Trreatment/Disposal and the
Removal/Disposal Alternatives would be about the same, while the In Situ Grouting
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Alternative would have the least impact on trnsportation. The Removal/Treatment/Disposal
Alternative would disturb a larger land area than the Removal/Disposal and In Situ Grouting
alternatives and, therefore, would probably c, use more impacts to natural and cultural
resources.

The Removal/Disposal Alternative recuived a lower score than the Containment and
In Situ Grouting alternatives because the Removal/Disposal Alternative increases the potential
for impacts to cultural and natural resources.

The Containment Alternative would leave the wastes in place, and workers would not
be exposed directly to the contaminants. Material would have to be brought to the waste site
for constructing the engineered barrier so there would be physical hazards associated with
excavation (at the offsite borrow areas) and hiuling. Physical hazards would also be
associated with the construction of the onsite barrier, but these activities are routine
construction operations. The only area at the waste site that would be disturbed is the area
directly over the wastes (these areas have already been disturbed) and access roads. Potential
impacts to cultural and natural resources would be minimal. The duration of the remedial
action would be relatively short.

6.4.7.4 Implementability. The Removal/Disposal Alternative received the highest score for
implementability followed by the Removal/Treatment/Disposal Alternative. The
Removal/Disposal Alternative would be the easiest of the four alternatives to implement, for
both technical and administrative feasibility. The excavation and hauling activities required
in the Removal/Disposal Alternative are routire t chnologies. The administrative aspects are
a!-o routine.

The In Situ Grouting and Containment Mternatives received the lowest scores because
they may not be consistent with final action. The Containment Alternative is technically
easier to achieve than the In Situ Grouting.

6.4.7.5 Costs. Costs for the Removal/Disposal Alternative are less than for the
Removal/Treatment/Disposal, In Situ Grouting and Containment Alternatives (Table 6-12).

6.4.8 Burial Grounds

There are four appropriate Remedial Ailternatives for burial grounds,
(removal/disposal, removal/treatment/disposal, in situ compaction, and containment). The
Removal/Treatment/ Disposal and Removal/Disposal Alternatives received almost identical
ranks followed closely by the Containment and In Situ Compaction alternatives (Table 6-11).

6.4.8.1 Long-term Effectiveness and Permanence. The Removal/Treatment/Disposal and
Removal/Disposal Alternatives received the highest scores for long-term effectiveness and
permanence (Table 6-11). These alternatives vould remove all contaminated soils associated
with the burial grounds, and place the contaminated soils or treatment residuals in the central
waste disposal facility where they would be managed along with wastes from other waste
sites. There would be no long-term restrictions or land use at the waste site. There would
be a commitment of land at the central waste disposal facility to manage the contaminated
soils or treatment residuals. However, because the treatment component of the
Removal/Treatment/Disposal Alternative would reduce the volume of vastes in comparison
to the Removal/Disposal Alternative, less space will be needed at the central disposal facility.
Also, because the clean soils resulting from the treatment process can be used as clean fill at
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the waste site, the Removal/Treatment/Disposal Alternative would require less importing of
clean soil from offsite (outside the operable unit) borrow areas. Long-term negative impacts
of the Removal/Treatment/Disposal and Renoxal/Disposal Alternatives include the
requirement for continuous waste managemtnt.

The Removal/Disposal Alternative would have the same long-term benefits as the
Removal/Treatment/Disposal Alternative. Boti alternatives would remove all of the
contaminated soil associated with the burial grounds from the waste site, and there would be
no need for land use controls. The wastes would be managed at a central disposal facility
specifically designed for that purpose.

Both the In Situ Compaction and Containment Alternatives include constructing an
engineered barrier over the wastes, designirg surface water controls, maintaining
groundwater monitoring, and implementing deed restrictions or other land-use controls. In
addition to these, the In Situ Compaction A ternative includes dynamic compaction of the
buried wastes to increase stability and reduce the permeability of the wastes that are left in
place. The barrier by itself would reduce the mobility of the contaminants by reducing
infiltration into the burial grounds, and effectively sever the exposure pathway between the
contaminated wastes and the human, plant, and animal receptors. The addition of the
dynamic compaction technology increases the long-term integrity of the surface barrier by
reducing the potential for future subsidence, but would also increase short-term risks and
costs, as compared to the Containment Alteinative.

Negative aspects of the Containment and In Situ Compaction Alternatives are similar.
The wastes would be left onsite so deed restrictions or some other form of institutional
control would be needed to protect the integrity of the barrier and preclude activities that
would intrude into the wastes. Because die integrity of the engineered barrier may
deteriorate over time, groundwater monitoring would be maintained at the waste site along
with barrier maintenance activities. The presence of the barrier would limit vegetation to
shallow rooting plants, and would preclude Iull use of 'lie site by wildlife. The engineered
barrier would require several types of fill materlal, froii basalt rock to topsoil and, therefore,
would require the excavation and transport of this material from offsite borrow areas.
Finally, both alternatives would potentially cause long-lerm environmental impacts to soil
borrow areas and basalt quarries.

6.4.8.2 Reduction in Toxicity, Mobility, or Volume. In Situ Compaction, Containment,
and the Removal/Disposal Alternatives received the lowest scores in this category because
there would be only a minimal reduction in mobility and no reduction in toxicity and volume.
The In Situ Compaction and Containment Alternatives do not remove the contaminants from
the waste site. The water infiltration exposure pathway would be reduced under the In Situ
Compaction and Containment Alternatives, but long-termn barrier performance may degrade.

The Removal/Treatment/Disposal Alt.rnative received the highest score for this
criteria. Under this alternative, there is a reduction in contaminant mobility and volume.
The Removal/Treatment/Disposal Alternative would reduce material transport to the central
disposal facility because of onsite treatinert.

6.4.8.3 Short-tern Effectiveness. The Cointaiuiment and In Situ Compaction Alternatives
received the highest scores for short-term eftcti eness. These alternatives would result in a
lower contaminant exposure risk to workeis ind the en ironmental impacts from dust and
noise would be low. Cultural resources, if p escut. would be left in place.
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The Removal/Treatment/Disposal Alierrative scored low for short-term effectiveness
because the treatment component of this alternative increases (1) the time required to
complete the action, (2) the risk to workers and (3) the potential risk to natural and cultural
resources. The transportation impacts of th2 Removal/Treatment/Disposal and the
Removal/Disposal Alternatives would be about the same., while the In Situ Compaction
Alternative would have the least impact for 'ransportation. The Removal/Treatment/Disposal
Alternative would disturb a larger land area than the Removal/Disposal In Situ, Compaction,
and Containment Alternatives and, therefore would probably cause more impacts to natural
and cultural resources.

6.4.8.4 .mplementability. The Removal/Disposal and Containment Alternatives received
higher (and identical) scores for implementahility than the Removal/Treatment/Disposal and
In Situ Compaction Alternatives.

The Removal/Disposal Alternative wiulc be the easiest of the four alternatives to
implement for both technical and administrative feasibility. The excavation and hauling
activities required in the Removal/Disposal Alternative are routine technologies. The
administrative aspects are also routine.

The Containment Alternative is also casy to implement from a technical perspective.
Engineered barriers are used routinely at hazardous waste sites and containment requires no
excavation or transportation of wastes. From at administrative aspect, this action would not
be consistent with the long-term goal of futune urestricted use of the site. The Containment
Alternative requires large amounts of soil and rock material for construction of the
engineered barrier and this material would c me from offsite borrow areas.

The In Situ Compaction and Removal Truatment/Disposal Alternatives received the
lowest scores for implementability. The [n Situ Compaction Alternative is easier to achieve
technically than the Removal/Treatment/Disposai Alternative, but there are many
uncertainties regarding the effectiveness of c mpaction fechniques.

The Removal/Treatment/Disposal Alterna ive is technically more difficult to achieve
because of waste handling and treatment concern. The Removal/Treatment/Disposal
Alternative includes treatment technologies in addition to excavation and hauling and is,
therefore, technically more difficult to implenmem. The technical aspects of the treatment
technologies that are planned for this alternative ire fairly routine, but treatment by any
technology would increase the technical difficiltits. The regulatory aspects and anticipated
interagency coordination associated with the F' em oval/Treatment/Disposal Alternative would
be more difficult to accomplish than for the Removal/Disposal Alternative. The treatment
aspects of the Removal/Treatment/Disposal Alter iative add ARARs because of the onsite
treatment operations, control of air emissions ind wastewater effluent, and the potential
effects of the treatment activities on natural aid c iiltural resources.

6.4.8.5 Costs. Costs for the Removal/Dispo al Alternative are less than for the
Removal/Treatment/Disposal, In Situ Compac ior, and Containment Alternatives
(Table 6-12).
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Table 6-1. Waste Site Groups and Associated Remedial Alternatives.

Waste Site Group

GROUP A

Retention Basins
Fuel Storage Basin Trenches

Remediation Alternatives

Removal /Disposal, Removal/Treatment/Disposal

GROUP B

Process Effluent Trenches Removal 'Disposal, Removal/Treatment/Disposal, In
Sludge Trenches Situ Vitrification
Pluto Cribs

GROUP C

Dummy Decontamination Cribs
and French Drains

Pipelines
Burial Grounds

Removal'Disposal, Removal/Treatment/Disposal,
In Situ I reanent (Vitrification, Grouting,Compaction),
Containmen
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Table 6-2. Description of S&ores for Each Waste Site Group
and Associated Remedial Alternatives. (Page 1 of 2)

Score Description

Long-term effectiveness: high residual risk, monitoring required,
high degree of uncertfinty associated with adequacy of controls,
high degree of long term impacts to natural resources

Reduction of toxicity, mobility, and volume: no reduction in
toxicity, mobility, or 'olume of contaminants

Short-term Effectiveness: high risk to workers, high transportation
impacts, high impact to cultural and/or natural resources

Implementability: no' technically or administratively feasible, poor
availability of services and materials

3 Long-term effectiveness: above average residual risk, monitoring
required, some degree of uncertainty associated with adequacy of
controls, below average impacts to natural resources

Reduction of toxicity mobility, and volume: very little reduction
in mobility, or volumc of contaminants

Short-term effectiveness: above average risk to workers, some
transportation impatts above average impacts to cultural and/or
natural resources

Implementability: not technically and/or administratively feasible,
below average availab lity of services and materials

5 Long-term effectiveness: average residual risk, some monitoring
may be required, averge degree of uncertainty associated with
adequacy of controls, iverage impacts to natural resources

Reduction of toxicity, mobility, and volume: average reduction in
mobility, or volume ol contaminants

Short-term effectiveness: average risk to workers, some
transportation impacts. average impacts to cultural and/or natural
resources

Implementability: tecunically and/or administratively feasible,
average availability of services and materials

7 Long-term effectiveness: below iverage residual risk, monitoring
may not be required, I >w degree of uncertainty associated with
adequacy of controls, below average impacts to natural resources

Reduction of toxicity, mobility and volume: above average
reduction in mobility, .r xolume of contaminants

Short-term effectiveness: below average risk to workers, few
transportation impacts, below average impacts to cultural and/or
natural resources
Implementability: tecnically and administratively feasible, above
average availability of services and materials
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Table 6-2. Description of Scores for Each Waste Site Group
and Associated Remedial Alternatives. (Page 2 of 2)

C-25

Score Description

9 Long-term effectiveness: little or no residual risk, monitoring not
required, no uncertainty associated with adequacy of controls, little
or no impact to natural resources

Reduction of toxicity, mobility and volume: large reduction in
mobility or volume OF ccntaminants relative to other remedial
alternatives
Short-term Effectiveness: little or no risk to workers, little or no
transportation impacts, little or no impacts to cultural and/or natural
resources

Implementability: techn cally and administratively feasible, ready
availability of services and materials
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Table 6-3. Example of How Costs Were Normalized to Achieve a Score.

Normalization Procedure JAlternative #1 Alternative #2 Alternative #3

1. Cost

2. Divide by lowest cost (23)
3. Invert the above number

4. Multiply by 10 to get relative
scores

5. Final score (round oft)

23M 28M 46M
1.22 2.0

1 0.82 0.5
10 8.2 5.0

10 8 5
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Table 6-4. Quantitative Comparison of Evaluation Criteria for Retention Basins.

Remedial Alternatives

CERCLA Evaluation Criteria Removal/llspo.'al RemovallTreatment/Disposal

Weight Scol, Rank Weight Score Ran&

Long-term Effectiveness 1.00 7.0( 7 0Qt 1.00 9.00 9.00

Reduction of Mobility or Volume 0.50 4.0( 2A 0.50 5.00 2.5

Short-term Effectiveness 1.5) 6.0( 3 it 0.50 3.00 1.50

Implementability 1.00 9.0( 9.00 1.00 5.00 5.00

Cost L00 10.0 10.00 1.00 8.00 8.00

Total RankaO 31.0 26.0

("Rank = weight x score
't Total Rank -= sum of individual rankings

Table 6-5. Quantitative Comparison of Evaluation Criteria
for Fuel Storage Basin Trenches.

Remedial Alternatives

CERCLA Evaluation Criteria Removal/Diposasl Removal/Treatment/Disposal

Weight Score Rank' Weight Score Rank"

Long-term Effectiveness 1.00 7.00 7.00 1.00 9.00 9.00

Reduction of Mobility or Volume 0.50 3.00 1.3 0.50 5.00 2.5

Short-term Eftectiveness 0 50 7,00 3.51 0.50 5.00 2.50

Implementability 1 00 7 00 7.00 1.00 5.00 5.00

Cost I 00 I(.00 10.10 1.00 8.00 8.00

Total Rank) 29 0 27.0

'Rank = weight x score
.Total Rank = sum of individual rankings
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Table 6-6. Quantitative Comparison of Evaluation Criteria
for Process Effluent Trenches.

CERCLA Evaluation Removal/Disposal
Criteria

Weight Score Rank")

Long-term Etfectiveness 1.00 7.00 7.00

Reduction of Mobility or 0.50 3.00 1.5
Volume

Short-term Effectiveness 0.50 7.00 3.50

Implementablity 1.00 7.3)1 7.00

Cost 1.00 1000 10.00

Total Rankah 29.0

"Rank - weight x score
(iTotal Rank = sum of individual rankings

Remedial Alternatives

In Situ Vitrification Removal/Treatment/T -Disposal
Weiht

I.J

0.

0.:

1.1

1.1

Score

4.00

Rank 4

4.00

I Weight

1.00

Score

9.00

RankO

9.00

(1 700 3.5 0.50 5.00 2.5

0 7.00 3.50 0.50 3.00 1.50

0 2.00 2.00 1.00 5.00 5.00

3.00 3.00 1.00 9.00 9.00

16.0 27.0

Table 6-7. Quantitative Comparison of Evaluation Criteria for Sludge Trenches.

Removal/Disposal

Weight Score Rank")

Long-termiffectiveness 1.00 7.00 7.00

Reduction of Mobility or 0.50 3.00 1.5
Volume

Short-term Etfectiveness 0.50 7.00 3.50

Implementability 1.00 7.00 7.00

Cost 1.00 10.00 10.00

Total Rank 6  29.0

"Rank = weight x score
O0Total Rank = sum of individual rankings

Remedial Alternatives

In Situ Vitrification Removal/Treatment/
Disposal

1.00 4.0C 4.00 1.00 9.00 9.00

0.0 7 ,00 3.5 0.50 5.00 2.5

0.50 7 0 3.50 0.50 5.00 2.50

1.00 3 00 3.00 1.00 5.00 5.00

1(.o 3o0 3.00 1.00 7.00 7.00

17.0 26.0
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Table 6-8. Quantitative Comparison of Evaluation Criteria for Pluto Cribs.

Removal/Disposal

Weight Score Rank(-

Long-term Effectiveness 1.00 7.00 7.00

Reduction of Mobility or 0.50 300 1.5
Volume

Short-term Eflectiveness 0.50 8.00 4.00

Implementability 1.00 8.00 8.00

Cost 1.00 10.00 10.00

Total Ranku 30.5

Weight Score

Remedial Alternatives

in Situ vitrification Removalreatment/
Disposal

1.01 4.,00 4.00 1.00 9.00 9.00

0.5' 7 t0 3.5 0.50 5.00 2.5

0.5' 7 00 3.50 0.50 6.00 3.00

1.0) 4.00 4.00 1.00 6.00 6.00

1.0 400 4.00 1.00 4.00 4.00

19.0 24.5

'Rank = weight x score
"Total Rank = sum of individual rankings

Table 6-9. Quantitative Comparison of Evaluation Criteria for
Dummy Decontamination Cribs and French Drains.

CERCLA Remedial Alternatives
ation Contaiment Removal/Disposal In Situ Vitrification Removal/Treatnment/Disposal

Weight Score Rank" I Weight Scott I Rankt I Weight I Score Rank")I Weight Score Rank O

1.00 3.00 3.00 1.00 7.00

Reduction of 0.50 2.00 1.0 0.50 3.00
Mobility or
Volume

Short-term 0.50 9.00 4.50 0.50 8.00
Effectiveness

Implementability 1.00 6.00 6.00 1.00 8.00

Cost 1.00 1.00 1.00 1.00 t0.0(

Total Rank 15.5
Score

("Rank -= weight x score
(bTotal Rank = sun, of individual rankings

7.00 1.00 4.00 4.00 1.00 9.00 9.00

1.5 150 7.00 3.5 0.50 5.00 2.50

$00 )50 7.00 3.50 0.50 6.00 3.00

00 00 3.00 3.00 1.00 6.00 6.00

11.00 .00 4.00 4.00 1.00 4.00 4.00

01.5 18.0 24.5
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Table 6-10. Quantitative Comparison of Evaluation Criteria for Pipelines.

CERCLA Remedial Alternatives

Evaluation Containment Removal/Disposaj In Situ Grouting Removal/Treatment/Disposal
Criteria ___ _______

Weight Score Rank Weight Scor RankO Weight Score Rank'' Weight Score Rank

Long-term 1.00 2.00 2.00 I 00 7.00 L00 1.00 3.00 3.00 1.00 9.00 9.00
Effectiveness

Reduction of 0.50 1.00 0,50 0.50 3.00 50 0.50 2.00 1.0 0.50 5.00 2.5
Mobility or
Volume

Short-term 0.50 7.00 3.50 0.50 6.00 .00 0.50 6.00 3.00 0.50 4.00 2.00
Effectiveness

Implementability 1.00 3.00 3.00 1 00 7 00 00 1.00 2.00 2.00 1.00 5.00 5.00

Cost 1.00 1.00 1.00 1 00 400 00 1.00 10.00 10.00 1.00 3.00 3.00

Total Rank:1  10.0 [2.5 19.0 21.5

"'Rank weight x score
)ITotal Rank = sum ol individual rankings

Table 6-11. Quantitative Comparison of Evaluation Criteria for Burial Grounds.

CERCLA Remedial Alternatives

Evaluation Containment Removal/Disposal In Situ Compaction Removal/Treatment/DisposalCiteria __ ___ ___________

Weight Score Raak' Weight Score Rank 4  Weight Score RankO Weight Score Rank(*

long-tenn 1.00 3.00 3.00 1.00 7.00 700 1.00 4.00 4.00 1.00 9.00 9.00
Effectiveness

Reduction of 0.50 200 1.0 0.50 3.00 1 5 0.50 2.00 1.0 0.50 5.00 2.5
Mobility or
Volume

Short-term 0.50 9.00 4.50 0.50 3.00 I.so 0.50 7.00 3.50 0.50 2.00 1.00
Effectiveness

lmplementability 1.00 5.00 5.00 1.00 5.00 5. )0 1.00 4.00 4.00 1.00 3.00 3.00

Cost 1.00 6.00 6.00 1.Cf 10.00 1000 1.00 6.00 6.00 1.00 9.00 9.00

Total Rank& 19.5 25 0 18.5 24.5

"'Rank = weight x score
"Total Rank = sum fu ilividual rankings
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Table 6-12. Cost Comparisons for all Waste Site Groups
and Associated Remedial Alternatives.

Remtdial Alternatives

Estimated Cost (Thousands of $$)

Waste Site Group Removal/Disposal

GROUP A

Removal/
Treatment/

Disposal

In Situ
Treatment

Containment

Retention Basins
Fuel Storage Basin Trenches

GROUP B

Process Effluent Trenches
Sludge Trenches
Pluto Cribs

GROUP C

Dummy Decontamination
Cribs and French Drains

Pipelines
Burial Grounds

96.0( ()
4,470

15.700
1,670
267

283

32,901)
2,380

114,000
5,570

17,900
2,300
692

707

40,000
2,530

54,800
5,630
661

715

11,492
4,238

3,194

109,645
4,292

(-3I

-I-

---
---
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1.0 PURPOSE AND OBJECTIVE

This appendix describes the procedurrs used to develop the preliminary remediation
goals for the 100 Area source operable unit FFSs. The preliminary remediation goals are
numeric expressions of the remedial action objectives presented in Section 2.4 of the Process
Document. (The term "Process Document" refers to the main text of this report,
Sections 1.0 through 6.0, and Appendices A B, and C.) The preliminary remediation goals
are concentrations in soil, for each contaminant of concern, that are considered protective of
human health and the environment, assuming an occasional-use exposure scenario, as
described in Section 2.3 of the Process Document. The preliminary remediation goals are
used to estimate the amount of soil that requires remediation to meet the remedial action
objectives. The preliminary remediation goals are also used to assess the performance of the
Remedial Alternatives by describing a numeric goal to be achieved by the treatment
technologies.

The preliminary remediation goals art intended to protect human health, protect plant
and animal populations, and attain ARARs. rhe ARARs are discussed in Section 2.6 of the
Process Document, and are listed in the tables ii, Appendix C. The preliminary remediation
goals protective of human health were calculated so they represented soil concentrations that
would not exceed an increased cancer risk ot I x 10 (for carcinogenic or radioactive
contaminants) or a noncancer hazard quotieni of 0. 1 (for noncarcinogenic contaminants).
The hazard quotient for noncarcinogenic cher-icals is set at 0.1, rather than 1.0, to
accommodate the potential additive or synerg stic effect of several chemical stressors acting
on a receptor at the same time. The I x 10' increased cancer risk also accommodates for
potential additive or synergistic effects.

This appendix includes four sections, rcliding this Section 1.0. Section 2.0
discusses the human and biological receptors tnd exposure pathways that were used to
calculate the preliminary remediation goals. Section 2.0 also describes the zones of contact
that represent the locations where the receptors come in contact with the contaminants.
Section-3.0 presents the remedial action objecrives for the 100-Area source operable units,
then presents the formulas used to derive the mman health, environmental, and protection of
groundwater-based preliminary remediation g als Section 4.0 discusses the application of
the preliminary remediation goals.

2.0 RECEPTORS AND EXPOSURE PATHWAYS

This section presents a conceptual exposure model for the 100 Area. The model
illustrates how the receptors come in contact with the contaminants in the 100 Area. This
section also defines which receptors and exposure pathways are used in the Process
Document to calculate the preliminary remediation goals. The conceptual exposure model is
based on an occasional-use exposure scenario as discussed in Sections 2.2 and 2.3 of the
Process Document.

P3
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2.1 CONCEPTUAL EXPOSURE MODEL

The conceptual exposure model for th., 100 Area (used for the Process Document) is
illustrated in Figure A-1. The source of the :ontaminants is the contaminated soils and solid
wastes within the 100 Area operable units. These contaminants are assumed to remain in
place or be transported from their original location by wind erosion and by water infiltrating
through the vadose zone toward the groundwiter system. Surface water erosion is assumed
to be a minor transport mechanism for contaminants in the 100 Area because of the arid
weather and porous nature of the soils, The human, animal, and plant receptors are exposed
to the contaminants by direct contact with soils, 'y inhaling air containing contaminated
particulates (dust), by ingesting contaminated foods or soil, and by being exposed to external
radiation from radionuclides.

The principal receptors under the occ sional use exposure scenario are assumed to be
as follows:

* Visitors to the area
* The Great Basin pocket mouse
* Plants in general.

2.2 RECEPTORS

The human visitors refer to those people visiting and recreating in the area after
remedial action has been completed. The site visitor is considered a long-term receptor.
The primary exposure routes to humans are c insidered to be inhalation of particulates or
vapors in air, ingestion of soil, and exposure to external radiation from radioactive
contaminants in the soils (Figure A-[). Because the preliminary remediation goals define the
soil concentrations that will be left at the site after remediation has been completed, they do
not apply to the workers that will be involved in the actual remedial work. Short-term risks
to workers involved in the remediation itself xre discussed in Section 5.2.2.5 of the Process
Document.

The Great Basin pocket mouse was selected as representative of the animals that could
be exposed to site contaminants. Although th re are numerous species of animals in the
100 Area, the pocket mouse was selected as tie representative species because it is common
in the area and lives in underground burrows. The mouse, therefore, is in direct contact
with the contaminated soils. The home range of the pocket mouse is approximately the same
size as many of the individual waste sites. It wa' assumec, for the purposes of estimating
exposure, that the mouse lives entirely within the waste site. The principal exposure route to
the mouse was assumed to be by ingestion of plaits (primarily seeds) growing in the
contaminated soils. External radiation dose tc wildlife has been shown to be a minor
contributor to total dose (Poston and Soldat 192', and the relatively short life span precludes
the development of significant harmful cancer eff::cts. The external radiation exposure route,
therefore, was not included in the calculation f the preliminary remediation goals for
wildlife.
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For plants, a species native to the 10:) Area was not selected because the information
available on phytotoxicity of contaminants to plants is based primarily on domestic species.
Therefore, the preliminary remediation goal addressed plants as a generic, rather than
species-specific, receptor. The principal exposure route for plants was considered to be the
uptake of contaminants from the soil.

2.3 ZONES OF CONTACT/POINTS OF COMPLIANCE

Humans, animals, and plants may come n contact with the site contaminants at
different depths within the soil strata. All three receptois (using the occasional-use exposure
scenario) are exposed to contaminants at the sur'ace, but animals and plants in a natural
setting will be exposed to contaminants at deepe- depths than humans. Because the principal
source of the contaminants is soil (i.e., the Process Document addresses only the source
operable units), the depth of the contaminanti in the soil strata must be considered.

Under the occasional-use exposure sccnat io, assuming no excavation for construction
of houses or other structures, humans will be exosed only to contaminants near the ground
surface. Radionuclides that are deeper than : m (3 ft) are not used to calculate external
radiation exposure because 1 m (3 ft) of soil is considered adequate for shielding humans
from eaningful radiation from the radioact ve contaminants at the 100 Area (WHC 1994c).
The zone of contact for humans, therefore. iP the 0 to 1 m (0 to 3 ft) strata. This may also
be referred to as the point of compliance for reg Aiatory purposes.

Burrowing animals, such as the pocket niuse, Ine in underground burrows that may
be about 2 ni (6 ft) deep (WFIC 1994b). Thtse inimals are also exposed to external
radiation emanating from radionuclides that are deeper than 2 rn (6 ft). Also, the pocket
mouse and other animals that eat plants take ip contaminants from the plants. This means
that the depth of the plant roots must be considered because the contaminants in the soil are
taken up by the plant roots, and the plant in turn is eaten by the mouse. Several plant
species common at the Hanford Site have roots tiat penetrate to 3 m (9 ft) (Klepper et at.
1985). The zone of contact for animals and plants, therefore, is assumed to be the 0 to
3 m (10 ft) strata.

For the purposes of developing preliminay remediation goals, groundwater is
considered a receptor because one of the rem':dial action objectives is to protect groundwater
for beneficial uses. Because contaminants from any depth can leach out of the soil and be
transported to the- groundwater, -hw-zone-or contact or point of compliance for protection of
groundwater is from the surface to the top of the water table.

rrable A- I illustrates the zones of ctint Ict .or humans, plants, animals, and
groundwater protection. The preliminary ren edition gtoals based on human health risks are
applicable at the 0 to 1 m (0 to 3 ft) strata. Preliminary remediation goals based on animal
or plant risks would apply to the 0 to 3 m tO :o 10 ft) strata. However, as discussed in
Section 2.5 of the Process Document, humnan heaith-based remediation goals are used in the
Process Document to establish soil concentrat ons protccvve of animals and plants. This
means that the human health-based prelinmiar ! remediation goals are applicable throughout
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the 0 to 3 in (0 to 10 ft) strata. Finally, prutection of groundwater remediation goals are
applied to the 0 to 3 in (0 to 10 ft) strata and the depth strata of more than 3 m (10 ft).

The preliminary remediation goals rcpreient the soil concentrations that are
considered nonhazardous to the receptors. 'herefore, to remediate a particular waste site in
the 100 Area, the soils that exceed the preli niniry renediation goals must be remediated.
The human health-based preliminary remediattioi goals must be met within the 0 to 3 in (0 to
10 ft) strata, and the protection of groundwiter preliminary remediation goals must be met
within both the 0 to 3 in (0 to 10 It) strata iiid within the soil strata greater than 3 m (0 to 10
ft). This means that the most restrictive of he Iwo goals must be met within the 0 to 3 In
(0 to 10 ft) strata. For the purpose of applying the preliminary remediation goals, the 0 to
3 m (0 to 10 ft) strata is referred to as Zone 1, and the greater than 3 m (10 ft) strata is
referred to as Zone 2.

Table A-2 presents the preliminary rume liation goals for each contaminant of concern
in the 100 Area. It also indicates which of ihe -ermediation gQals-are appliedto Zone 1 and
Zone 2, and indicates when the preliminary remediation goals are less than Hanford Site
background soil concentrations or the labora:ory analytical detection limits (or laboratory
quantification limits). As discussed in Section .5 of the Process Document, when the
preliminary remediation goals are below (more restrictive) soil background levels or
laboratory detection limits, the background concentrations or the detection limits are used in
lieu of the rernediation goals. This approacl pr .cludes trying to remediate the site to levels
lower than natural soil conditions, or to comn ent-ations that cannot be reliably and
consiStentlv measured.

3.0 PRELIMINARY REMEDIATION GOALS

The remedial action objectives are statements indicating what the remediation is
expected to accomplish. These objectives specify the receptor that will be protected, the
media or exposure pathway involved, and the level of protection that should be afforded by
the remedial action. The remedial action objectives are defined below.

For Human Health

Limit exposure of human receptors to contaminated surface and
subsurface soils to limiP increased risk in the range of I x 10- to
1 x 10 ' for carcinogenic and radioactive contaminants, and at or below
a noncancer hazard quctie' t of 0. for the noncarcinogenic
contaminn I[S.

Limit future impacts to groundwater by ensuring that contamination
remaining in the vadose zone will result in concentrations in
groundwater below groindwater protection standards.

Comply Axith ARARs.
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* For Environmental Protection:

Limit exposure of ecolcgical receptors to contaminants.

- Avoid or minimize destruciion of habitat and disruption of natural
animal activities to the 'xtent possible.

- Comply with ARARs.

Final remediation objectives wil be dtetr nined by the signatories to the Tri-Party
Agreement during the record of decision pro( ess

A number of factors must be consider, d while developing preliminary remediation
goals to satisfy the remedial action objectives listed above. In addition to considering
contaminant concentrations that are protective of human health, ecological resources, and
groundwater, several other factors must be considered. These factors include the background
concentrations of natural soil constituents that might also be site contaminants (e.g.,
chromium and uranium), the limits of detection that analytical laboratories can achieve, and
the federal and state regulatory limits for levels of contamination in soil, air, and water. For
example, if a human health preliminary remeliation goal is lower than the naturally-
occurring background concentration. then the bat kground concentration would be used as the
remediation goal. Similarly, if a human healih preliminary remediation goal is lower than a
level that can be routinely or reliably quantified hy an analytical laboratory, the laboratory
quantification limit would be the remediation ,oal. The primary factors used to develop
preliminary remediation goals are discussed below, and the specific soil concentrations used
as preliminary remediation goals for each coitanminant are identified in Table A-2. As
shown in Table A-2, the preliminary remedia ion goals for Zones 1 and 2 may be based on
any of the factors discussed above.

3.1 HUMAN HEALTH

Risks to human health are potentially issociated with carcinogenic and
noncarcinogenic effects. Radionuclides and s ime chemicals can induce carcinogenic effects
in humans and some chemicals and radionucides pose noncarcinogenic risk as well. The
following subsections (3.1.1 and 3.1.2) defint: the carcinogenic and noncarcinogenic
preliminary remediation goals for protection of huiman health.

3.1.1 Carcinogenic Constituents

Preliminary remediation goals, which ire calculated from a target increased cancer
risk level, define carcinogenic contaminant concentrations in soil that are protective of human
health. Table A-2 identifies preliminary remediation goals for constituents considered to be
carcinogenic.

Preliminary remediation goals for carcinogenic contaminants are estimated from a
target increased cancer risk level using equations presented in the Hanford Site Risk

, -7



DOI /Ri -94-61
?ev. 0

Assessment Methodology (DOE-RL 1995), arnd intake factors and assumptions that
correspond to an occasional-use scenario. An increased cancer risk level of I x 10' has been
selected as a point of departure for calculati ig preliminary remediation goals for individual
carcinogenic contaminants. For radionuclidrs, 'he preliminary remediation goals
corresponding to 1 x 10' are based on the assumption that the site is not available for use
until the year 2018, which has been selected as the earliest possible date for release of sites.
Thus, radioactive decay occurring from 1991 to 2018 is considered in developing the
preliminary remediation goals for radionuclides. The following sections describe the
calculation of preliminary remediation goals for carcinogenic contaminants that are protective
of human health.

The target risk of I x 10' is the sum of he risks from all exposure pathways
considered in the occasional-use scenario. I he exposure pathways associated with the
occasional-use scenario, for purposes of preliminary rernediation goals development, are soil
ingestion, inhalation of fugitive dust and organic vapors, and external exposure to
radionuclides. Therefore, the target risk is tie sum of the risks from these three exposure
pathways, as follows:

TR = Risk + Risk + Risk, (1)

where

TR = Target risk, or I x 106
Risk,, = Increased cancer risk from soii ingestion
Risk± = Increased cancer risk from inhilat on
Riskt = Increased cancer risk from ext rmal exposure

Increased cancer risk is calculated as the procuct of contaminant intake and a slope factor;
therefore, the target risk can be calculated as follows:

TR = (Intake x SF (2)

where

i= Ingestion, inhalation or externa exposure pathways
Intake = Contaminant intake (mg/kg-day or pCi)
SF Carcinogenic slope factor (mg/kg-day)-1 or (pCi)I (EPA 1992)

Contaminant intake is calculated as the product of contaminant concentration in soil and an
intake factor, the intake factor represents assumptions concerning rate of contact with the
contaminated medial, exposure frequency, duration, body weight, and other assumptions.
Intake factors used to develop preliminary remediation goals for carcinogenic contaminants
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were obtained from Hanford Site Risk Assessment Methododogy. Using the contaminant
concentration in soil and intake factors, target risk can be calculated as follows:

TR = E (IF x SC x SF (3)

where SC is the concentration in soil (mg/kg ( r p. 'i/g). Because SC
pathways, it can be brought out of the summation, as follows:

TR = SC x E (IF x SF

Equation 4 can be rearranged to solve for con eniration in soil:

Sc -
Z (IF x SF),

is the same for all

(4)

(5)

Equation 5 is used to calculate preliminary reinediation goals for chemical contaminants (i.e.,
not radionuclides). For radionuclides, a relationship is defined between the concentration in
soil corresponding to I x 106 in the year 2018 (the year when sites would be released for
use, as described previously) and the concentraticn in soil in 1994, which is used to estimate
volumes of contaminated soil requiring remediation action. This relationship is defined as
follows:

SCt = SC, x DF (6)

Concentration in soil at time t ,nominally 2018)
Concentration in soil at time 0 (assumed to be 1994)
Decay factor = 0.51
Calculated as (timet - tine)/TO;,
Radionuclide-specific half-lile EP \ 1992)

Equation 5 can then be rearranged to incorpo-ate radioactive decay as follows:

TR (7)
[0.5P x E (IF x SF)j]

where

Sct
SC0
DF

T/3

(7)
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Equation 7 can then be used to calculate the *oncentration in soil in 1994 that achieves the
target increased cancer risk level in 2018,

The intake lactors listed in these equatiors (one each for inhalation, ingestion, and
external radiation) for the occasional-use scenario were calculated using exposure
assumptions from Hanford Site Risk Assessment vethodology (DOE-RL 1995). These intake
factors are shown below:

Carc inogenic Radionuclide

Soil ingestion 2,99 c 1 )-X d' 25.2 g

Inhalation 1 17 lN' " d 0.21 g

External exposure -- 0.153 year

3.1.2 Noncarcinogenic Constituents

Preliminary remediation goals for non:arc inogenic contaminants is back-calculated
from a target hazard quotient using intake factors and assumptions in the Hanford Site Risk
Assessment Methodology (DOE-RL 1995). Tablc A-2 identifies the noncarcinogenic
preliminary remediation goals. A hazard quotient of 0. 1 is used for individual constituents to
account for possible synergistic and additive inteiactions between chemicals such that the sum
of the hazard quotients for all the contamilans a- the sIte does not exceed 1.0
(DOE-R L 1994a). Preliminary remediation goal. were not calculated for noncarcinogenic
effects of radionuclides. Carcinogenic effects of radionuclides are considered by EPA to be
of greater concern than noncarcinogenic effec's.

The preliminary remediatjon goals cakulaiori methodology follows the equations
outlined in the Hanftrd Site Risk Assessment Met/nodology (DOE-RL 1995). Calculation of
preliminary remediation goals for noncarcinogenic contaminants were based on the soil
ingestion exposure pathway, using assumptions corresponding to an occasional-use scenario,
and reference doses presented in a qualitative risk assessment. The soil ingestion exposure
assumptions are based on the soil ingestion rate for a child, which is considered to be higher
than an adult soil ingestion rate. The soil ingestion intake factor used in calculating the
preliminary remediation goals for noncarcinogenic contaminants was 2.4 x 10' d'. Soil
ingestion was the sole exposure pathway consiJerd in developing preliminary remediation
goals for noncarcinogenic contaminants, because inhalation reference doses are not available
for most of the contaminants in soil.

3.2 ECOLOGICAL

Preliminary remediation goals are not calculated in the Process Document for the
protection of ecological receptors because no standard methods currently exist for the
derivation of preliminary remediation goals protective of animal or plant populations or
natural ecosystems. The preliminary remediat on goals protective of human health are used
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in lieu of ecological-based goals, and these unan health-based goals are applied to the 0 to
3 rn (0 to 10 ft) zone of contact where plants aid animals can be exposed.

The human health preliminary remned ation goals for radionuclide contaminants are
likely adequate for protecting plant and anin al l)ptplatiOns (NAS 1972; ICRP 1977;
EPA 1993). as discussed in Section 2.5 of the Process Document. For inorganic and organic
contaminants, the preliminary remediatioi goals calculated to protect groundwater or human
health were almost always more restrictive t ian some initial estimates of ecological-based
remediation goals (see Section 2.5). Theiefore, the hUman health or groundwater protection-
based preliminary remediation goals for iiorganics and organics were used in lieu of animal
or plant-based goals. Section 2.5 of the Pro ess Document discusses the uncertainties
involved in trying to develop ecological-based p-eliminary remediation goals.

3.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Applicable or relevant and appropriati requirements are federal or state promulgated
standards defining acceptable levels of constituents in water, air, or soil (or a method to
determine an acceptable level) for the protec ion of human health or other beneficial use.
The ARARs applicable to this FFS are discu;sec in Section 2.0 and listed in Appendix C.
Of those ARARs and "to be considered" requirenents, the only requirements with
quantitative soil limits are the State of Washington's Model Toxics Control Act for chemicals
and the DOE Orders for radionuclides. The Model Toaics Control Act has a standard method
(Method B) to determine acceptable levels for nonradinacrive constituents. The method uses
a residential exposure-scenario with a target isk of 1 x 0-. rhe Model Toxics Control Act
is listed in Appendix C as a potential ARAR for the 100 Area (if frequent-use scenario is
deemed appropriate), and was also used for (om :arison purposes in the Feasibility Study
Report for the 200-BP-1 Operable Unit' (DOE-P L 1993Ih). The Model Toxics Control Act
Method B for estimating allowable contamin nt . oncentrations in soil was evaluated in the
Sensitivity Analysis Report (Appendix D). S ve al of the Method B allowable levels in soil
are more stringent than human health prelirninar' remediation goals listed in Table A-2, but
less stringent than the groundwater protectior prediminary remediation goals.

The values defined by the Model Toxi -s Control Act will be more conservative than
the risk-based calculations discussed in the Piocess Document because of different exposure
scenarios. The Model Toxics Control Act values may be used in lieu of other sources of
preliminary remediation goals.

The DOE Orders require limiting the lost, from residual radioactivity to
< 100 mnrem/yr. ] his is considered a "to be :onsidered" requirement, because the DOE
Orders are not promulgated at this time. [lo'evr, the DOE Orders are the only available

'The 200-BP-t Operable Unit FS (DOE RL 1993b) is the most recent feasibility study
conducted at the Hanford Site. It is consider d iii this FFS because the actions, location (i.e.,
Hanford), contaminants, available disposal frcilities, and regulating agencies are all similar.
Also, the 200-BP-1 feasibility study has beer reviewed by the regulating agencies and meets
their expectations.
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source of soil limits, and DOE has the author ity to regulate radionuclides on DOE sites (one
of which is Hanford). The dose limit of 100 mrtm/yr represents a cumulative dose from
contaminants, and therefore, is not used to deterinine preliminary remediation goals for
individual contaminants.

3.4 PROTECTION OF GROUNDWATER

Nonradionuclide groundwater maximum contaminant levels are derived from federally
promulgated regulations, such as the Safe Drinking Water Act (40 CFR 141) and the RCRA
groundwater standards (40 CFR 264). The State of Washington's Model Toxics Control Act
groundwater maximum contaminant levels art used when a federal maximum contaminant
level is not available. The Model Toxics Controi Act dtlines default vadose zone
concentrations that are protective of groundwater as 100x the groundwater maximum
contaminant levels (WAC 173-340-740 (3)(A)). Fhis default applies unless vadose zone
modeling is employed to determine site-specilic concentrations that protect groundwater.

Because the Safe Drinking Water Act mnd the Model Toxics Control Act do not contain
a comprehensive list of maximum contaminart levels for radionuclides, the derived
concentration guides from the DOE's Radiation Protection of the Public and the Environment
(DOE 1993) for radionuclides in groundwater arc used to determine acceptable soil
concentrations for radionuclides. The derivec concentration guides are based on a 100
mrem/yr dose to offsite individual (from b a gatmina radiation).

In place of the default Model Toxics ( ontuol Act :00x rule, this FFS uses the
Summers Model, documented in Determining Soil Response Action Levels Based on Potential
Contaminant Migration to Ground Water; A Compendium of Examples (EPA 1989a) to
determine soil concentrations protective of groundwater. The Summers Model differs from
the Model Tovics Control Act 100x rule because t uses site and contaminant specific
information in addition to the groundwater ixiinum contaminant levels (derived
concentration guides for radionuclides), to determine allowable soil contaminant
concentration. Table A-3 lists the parameters us d in the Summers Model. Because the
Summers Model uses site- and contaminant-speci ic information, it is considered more
representative than the Model Tories Control lct 100x rule. Also, certain assumptions in the
Summers Model provide conservatism in the ,alculations such as assuming a uniform
contaminant concentration throughout the vadose zone, and assuming that no groundwater
mixing occurs between the site and the point of cinmplialc2. Further conservatism can be
introduced, depending on the parameter value used in tie model calculations.
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The equation to calculate allowable constituent concentration in vadose soil is

I L
C = K C ----- (8)

C, -Kd -C' P 1000 Ini 8

where C, is the allowable constituent concentration in soil (pCi/g or mg/kg), C, is the
allowable leachate concentration (pCi/L or ug/L), and K, is the soil-water distribution
coefficient (mt/g). The allowable leachate conentration is calculated as

C =Cg(Q, + Q ) - Q C(9)
P QP

where Cgw is the allowable concentration in groundwater based on maximum contaminant
levels or derived concentration guides (pCi/L or ug/L), QP is the infiltration flow rate
(ft3/day), Q,. is the groundwater flow rate (ft/day), and C, is the initial or background
concentration in groundwater (pCi/L or ug/l). The infiltration flow rate (QP) equals the
product of the recharge rate (ft/day) and the horizontal area of contamination (ft2). The
groundwater flow rate is calculated as

Q =; K - i - h * w (10)

where K and i are the hydraulic conductivity ii th aquifer (ft/day) and hydraulic gradient
(ft/ft) in the aquifer, respectively, and h and A are the thickness (ft) and width (ft) of the
zone of mixing in the aquifer, respectively.

If the soil-water distribution coefficient (K,) is zero or unknown, the equation for
calculating the allowable constituent concentralion in soil becomes

Cp 1mg- or
Ph 1000 Ug

Ib)k
1000 g

(11)

where 0, is the soil volumetric water content and )b is the soil dry (bulk) density
the constituent is organic, the soil-water distribution coefficient is calculated as

(kg/L). If

(12)
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where K,, is the organic carbon partition co fficient (mul/g) and C is the fractional organic
carbon content of the soil (g/g).

The following assumptions are made when calculating acceptable soil concentrations:

1. The aquifer is the lanford/Riigo d Formation. Average hydraulic
conductivity is assumed to be 30.4 in/day (100 ft/day) (DOE-RL 1993c).

2. The hydraulic gradient is estimated to be 0.09 cm/cm (0.003 ft/ft) (DOE-RL
1993c).

3. Initial concentration in ground vater is assumed to be zero for all constituents
(this is accurate for most radi nut lides except for naturally occurring
constituents).

4. Zone of mixing is 9 in (30 ft) thick (Hartman and Lindsey 1993).

5. Recharge rate is 10 cm/yr (3.94 ii./yr) (Gee 1987).

6. Allowable concentration in grn undwater is the derived concentration guides for
radionuclides; a combination of primary maximum contaminant levels,
secondary maximum contaminaint levels, and RCRA groundwater standards for
nonradionucl ides; and Model [oxi s Control Act groundwater maximum
contaminant levels when a kd ral standard is not available.

7. Distribution coeflicients for rajioituclides and inorganics are as documented in
Ames and Serne (1991).

8. Soil moisture content averages about 5% (9% by volume) (DOE-RL 1994b).

9. Soil dry density is about 110 p :f (1.8 kg/l).

10. Organic carbon
1991).

11. Organic carbon
EPA (1986).

of Hantord Sit scil is 0. 1 % by weight (Ames and Seine

partitioning covfficients for organics are as documented in

12. Waste site area is assumed to t e that of the [16-C-5 retention basins (243.8 x
243.8 in [800 x 800 ft]) or (59 457.95 m2 1640,000 ft2 1).

Using the above stated assumptions
can be calculated as follows:

First calculate Cp;

Cgw = 1146 pCi/l

tl e allowable soil concentration for cesium-137
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Qp = (800 ft * 0.0009 ft/day) = 575 fW/day
Qgw = (100 ft/day * 0.003) * 30 ft * 0 ft = 7200 fte/day
Ci *Qgw = 0

Cp [ 146 pCi/I * (575 + 7200 ft/da')/5 75 ft3 /day - 15,500 pCi/I

Then calculate Cs;

Kd 50 ml/g
Cs 50 ml/g * 15,500 pCi/I * [.01t1(00 ml = 75 pCi/g.

The Summers Model aids in delineating which sites require remedial action and how
much action is required. If in situ general response actions change the environment such that
certain parameters change, the calculated allow able soil contamination level may change
accordingly. For example, the surface barrier evaluated in this FFS would reduce the
amount of infiltration entering the contaminated vadose zone. Table A-4 presents the
allowable soil contaminant concentrations, assuming the barrier reduces the infiltration rate
from 10 cm (3.9 in.)/yr to 0.5 mm (0.0195 in.)/yr. If the soil contaminant levels exceed the
values in 'Fable A-4, then the barrier would no adequately protect the groundwater. In this
report, the application of this approach is referred to as the "reduced infiltration scenario."

3.5 BACKGROUND

Background concentrations are consider-d he lowest practical levels for a cleanup
action. Background investigations for nonradioactive constituents have been completed and
are documented in Hanford Site Background: Part 1, Soil Background for Nonradioactive
Analyses (DOE-RL 1993d). The study has produced statistical distributions of background
concentrations for nonradioactive constituents. The appropriate confidence limit for the
distribution of background data for use in the nterim remedial measure will be documented
in the Interim Record of Decision (IROD). The 95% upper threshold limit for inorganic
constituents is presented in Table A-5.

Characterization of radioactive constituents is in progress and values should be
available at the time the IROD is written. Some preliminary radionuclide background values
are presented in Table A-2. When considering the radionuclide background data presented in
Table A-2, it should be noted that the data is very sparse for some isotopes, both in number
and in geographic coverage. Most of the samples were collected on the Hanford Site, but a
few are from distant locations, such as Moses Lale, Yakima, and Walla Walla.

3.6 CONTRACT REQUIRED QUANTITAT ION LIMITS OR CONTRACT
REQUIRED DETECTION LIMITS

Contract required laboratory detection imits for each contaminant will be used in lieu
of the human health or protection of groundwater preliminary remediation goals if the human
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health or groundwater preliminary remediation goals are below the required levels of
detection (see Table A-2).

This is in agreement with the Model ('ox cs Control Act (WAC 173-34 0 -700(3)(a)),
which states that:

... cleanup levels for hazardous subst mces not addressed under applicable state and
federal laws... are established at concentrations which do not exceed the natural
background concentration or the prac ical quantitation limit for the substance in
quest ion."

Also. EPA's risk assessment guidanac (EPA 1989b) states that contract required
quantitation limits or contract required detection limits may be considered as cleanup criteria
after the contaminants are verified as legitimate and the responsible parties have negotiated to
obtain lower limits, such as using special analytical services before investigation. The
contract required quantitation limits/contract required detection limits used in lieu of more
restrictive remediation goals are:

* Based on contaminants of pote itial concern. The contaminants used in the
FFS have been through data vwlidation, screening in the qualitative risk
assessment, and screening in the I mited field investigation before being placed
on the contaminants of potetitil concern list. Thus, they are legitimate
contaminants.

* Taken from operable unit-spec fic work plans (see 'Fable A-2). The
Tri-Parties negotiated and approved the work plans that define CRQL/CRDL.
These CRQL/CRDL are used, when appropriate, in the FFS as preliminary
renediation goals.

4.0 APPLICATION OF PRELIMIN kRY REMEDIATION GOAL VALUES

Within each zone, there may be preliminary remediation goals values available for
more than one receptor. In all cases, the most stringent value is used as the preliminary
remediation goals for a given constituent in a given zone. It is understood, however, that the
preliminary remediation goals value must not be )elow background concentrations and must
be above detection limits. Table A-2 identifies the preliminary remediation goals for each
constituent in each zone (note that background values are not represented because no single
set of background concentrations has been identified for the 100 Area soils). This table will
be reevaluated once final background values are established.
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Table A-1. Zones of Contact Between Receptors and Contaminants in the 100 Area.

0-3 in

(0-10 ft)

Humans 0-1 in
(0-3 ft)

Plants 0-3 m
(0-10 ft)
Animals 0-3 in
(0-10 ft)

Exposure
Pathway

Sigestion, i nhalation,
and exposure to
external radiation
uptake from soil into
plant bioniass

ingestion of plants

2 All depths Protection of groundwiter resource
above

groundwater

ARARs - applicable or relevant, and appropri Ate cequireients

Potential
Preliminary

Remediation Goals
Human health
Plant-specific
Animal-specific
ARAR
Protection of
Groundwater

Protection of
Groundwater

A 20

Zone lepth Receptor
(in)

1



IIUMAN-4ISRAM (a,b) PROTECTION GZONE SPECIFIC PR
of BACKGROUND CRQIJCRDL (1) 12(g) 2(h)

TR=IE.06 HQ=0. GROUNDWATER (ac) (dc) 0-10ft_ >oft
RADIONUCLIDES (pC/g)
Amr-241 76.9 N/A 31 N/C 1 31 31
C-14 , 44,200 N/A 18 N/C 50 50 50
Cs-i34, 3,460 N/A 517 N/C 0.1 517 517
Cs-137, 5.68 N/A 775 I8 0, 6 775
Co-60 17.5 N/A 1,292 N/C 0.05 18 1,292
Eu-152 5.96 N/A 20,667 N/C 0.1 6 20,667
Eu-154 10.6 N/A 20,667 N/C 0.1 11 20,667
Eu-155 3,080 N/A 103,000 N/C 0.1 3,080 103,000
H-3 2,900,000 N/A 517 N/C 400 517 517
K-40 12.1 N/A 145 9.7 4 19.7 145
Na-22 545 N/A 207 N/C 4 (i) 207 207
Ni-63 184,000 N/A 46,500 N/C 30 46,500 46,500
Pu-238 87.9 N/A 5 N/C I 5 5
Pu-23 9/240 72.8 N/A 4 0.035 1 4 4
Ra-226 11. N/A 0.03 0.98 01 I 1
Sr-90 ,1,930 N/A 129 0.36 I129 129
Tc-99 ._28,900 N/A 26 N/C 15 26 26
Th-228, 7.260 N/A 01 N/C (U) I I
Th-232: 162 N/A 0.01 N/C I I
U-233/234 165 N/A 5 1.1 5 5
U-23 N/A 1 N 6 (1
U-238(k) 8.4 N/A (k) 1.4 6 6

AINiy IN/A 167 0.002 N/C 6 6 6
Arsenic, (.2 'I '.i; 9 -4

arium: N/A 29,200 258 175 20 258 258
cadmium 1,360 417 0.775 N/C 0.5 0.8 0 775
Chromiom Vi i 204 1 2.086 0.02h i 28 1 28 28
Lead I N/C N/C 8 149 0.3 14. 44 9
Mangariese N/A 2,086 13 583 15 583 583
Mercury N/A 125 0.31 L3 0.02 1.3 13
Zinc N/A 100,0001 775 79 2 775 775
ORGA4I1CS (mg/kg)
Arnclor:1260 (PCB) 4.34 1 N/A 1 37 <0.033 0.033 I
Benzo(a)pyrene 5 N/A 5.68 <0.330 0.330 6
Chrysere N/A N/A 0.01 <0.330 0.330 0.330 U.33u
Pentachliorophenol 300 N/A 0.27 <0.8 0.8 0.8 0.8

TR=Targel Risk; HQ- Hazard Quotient; N/A=Not Applicable; N/C=Not calculated
(a) RiskLbased numbers based on a I E-06 increased cancer risk for carcinogens and radionuclides and a noncancer hazard quotient of 0.1 for noncarcinogens.
(b) Occasional Use Scenaro
(c) Based on Summer's Model (EPA 1989b)
(d) Status Report, Hanford Site Background: Evaluation of Existing Soil Radionuclide Data (Letter #008 106)
(e) Hanford Site Background: Par 1. Soil Background for Nonradioacitve Analytes, DOE/RL-92-24, Rev. 2.
(f) Based on 100-BC-5 OU Work Plan QAPP (DOE-RL 1992)
(g) PRGs are established to be protective of groundwater, human and ecological receptors.
(I) PRGs are established to be protective of groundwater.
(i) Based on gross beta analysis
(j) Detection limit assumed to be same as Th-232
(k) Includes total U if no other data exist
(1) Value calculated exceeds 1,000,000 ppm therefore use 100,000 ppm as default

0
C

C-

-p.

A-

APPF 2 3.XL5
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Table A-3. Kd Values Used in the Sununer's Method.

Radionuclides Kd Inorganics Kd F Organics Kd
(mt /1) m1 Il I/g) L (rni/g)

24Am 200 Antimony 0.05 Aroclor 1260 530
"C 0.05 Arsenic 0.05 Benzo(a)pyrene 5,500
"34 CS 50 Barium 25 Chrysene 200

50 30 Pentachlorophenol 53
60 Co 50 Chromium VI 0.05
152Eu 200 [etad 30

200 Manganese 50
155Eu 200 Mercury 30

3H 0.05 Zinc 30

40K 4
2 2 Na 4

62Ni 30

_____ 1 25

25

226Ra 0.05
90Sr 25
99Tc 0.05

0.05
232Th 0.05

233/234 u 2

23sU 2

23U 2

A 22
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Table A-4. Allowable Soil Concentration - Reduced Infiltration Scenario.

Analyte

RADIONUCLIDES

"C
"Cs

"CsOI k'suCo
'2Eu

4Eu
9Eu

2
Na

Ni
2 Pu

2i, -

9 'Sr
Tc

22 Th

2?Th

2-, 1 Uj

23 U

INORGANICS

A ,timony
A i senic
BArium

CAdi VLn
CIhromium (V I)
Lad
M nganese
Mtrcury
Z'/ic

ORGANICS

Ajoclor 1260
B Ivo(a)pyrene
Clirysene
P, Atachlorophicinol

Soil Concentration

pCi/g

5,012
2,924

83,539
125,309
208,848

3,341,560
3,341,560

16,707,800
83,539
23,391
33,416

7,518,510
835
627

4
20,885

4,177
16.708
2.088

835
1,002
1,002

mg/kg

0.251
2.088

41.770
125.309

4.177
1.253
2.088

50.123
125.309

mg/kg

221
919

2
44
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Table A-5. Background Summary Statistics and Upper
Threshold Limits fir Inorganic Analytes.

95% UTLa(ng/kg)

15,600
15.7'
8.92
171

1127

0.66'
23,920
27 9
19.6
28.2

39,160
14.75
8760

612
1.25

25 3
3,1 20

Y1

1,290

79
1.45

3,51,0

57.3
37. 1
28.2

23,300
192

F1 ioride 12
CHloride 761
N rrite 1
N' rate 199
O io-phosphate [6
Sv'lfIte 1,320

S( tirce: DOE-RL 1993c, Han>rd S te B ickground. Part !, Soil
Baokgroundfrr Nonradioa nie AnahyteA, DOE/RL-92-24, Rev. I
Draft, U.1S. Department of nerpy, Richland Washington.

NR = Not Reported
^ 95% confidence limit of the 95t1 pc cenile of the ra a distribution

Litimit of detection

A 24

Analyte

Aluminum
Antimony
Arsenic
B, rium
Beryllium

C dinium
Calcium
Chromium
C bait

C Ipper

Ir in
Lad
_Magnesiun

Manganese
Mercury

N ckel
PotAssium
S( enium
Silver
Sodium

Tiallium
V.nadi.n nu
Zinc
Molybdenum
Titanium

Zi conium
Lithium
Aanionia
Akalinity
Si icon
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APPENDIX B

WASTE SITE GROL P COST ESTIMATES
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1.0 COST ESTIMAl E SUMMARIES

This appendix presents the methods usd t' develop the cost models in support of the
source operable unit focused feasibility study teperts. 'his appendix also applies the cost
models to the Remedial Alternatives for each vaste site group and presents them in summary
form on the attached tables.

The cost models were developed using the environmental restoration cost models
(1994 fiscal year planning baselines) as the strting point. These environmental restoration
cost models were revised for the focused feasibility studies to include all costs associated
with the Remedial Alternatives. These model, ar: presented in detail in 100 Area Source
Operable Unit Focused Feasibility Study Cost Models (WHC 1994). The cost model
document (WHC 1994) describes the work brtak own structure and general assumptions for
each cost model.

The cost models were first used to support the cost estimates for the waste site groups
discussed in this document. An estimate was made for each waste site group based on the
applicable Remedial Alternatives. These estinates are presented in Tables B-1 through B-8.
The corresponding Figures B-1 through B-8 graphically represent the estimates with a
variation in the unit cost for disposal. The figures were developed using three data points for
the disposal unit cost: $70/cubic yard (the design point) $700/yd3 and $7,000/ydt The
design point ($70/yd 3 ) is based on current estimates for initial construction,
operations/maintenance, and anticipated expariioii

1-3
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Cost Summary
Table

Fable B -

Table B 2

Table B

Fable B 4

Pluto Cribs Fable B 4 _

Table 13 6

No Cost
Associated

Table 13-7

Table 13-8

No Costs
/Lssociated

Cost Summary
Figure

Figure B-i

Figure B-2

Figure B-3

Figure B-4

Figure B-5

Figure B-6

No Costs
Associated

Figure B-7

Figure B-8

No Costs
Associated

2.0 REFERENCES

WHC, 1994, 100 Area Source Operable Unit Focused Feasibility Study Cost Models,
WHC-SD-EN-TI-286, Westinghouse Hanford Company, Richland, Washington.

B 4

Waste Site Group

Retention Basins

Sludge Trenches

Fuel Storage Basin Trenches

Process Effluent Trenches

Dummy Decontammnation Cribs and French
Drains

Seal Pit Cribs

Pipelines

Burial Grounds

Decontaimnated and Decommissioned
Facilities
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Table B-1. Cost Model Work Breakdown Structure Discussion. (page 1 of 3)

ELEMENTS AND LEVELS

ANA: Offsite Analytical Services

ANA:02 Laboratory Analysis

SUB: Fixed Price Contractor

SUIB:01 Mobilization & Preparatory

SUB:02 Sample Collection and Monitorinit

SUB:08 Solids Collection & Containment

DESCRIPTION

This element represents the offsite contractor performing
laboratory analysis of samples.

This level includes the laboratory analysis of samples.
[0% of routine samples and all quality control samples
were assumed to be analyzed using level III and level V
analysis Site certification samples were assumed to be
analyzed using level IV and V analysis.

This element represents remedial activities performed by
the fixed price contractor.

This level includes mobilization of personnel and
equipment, preparation for temporary facilities, and
onstruction of temporary facilities.

'his level includes in situ monitoring and field sample
*ollection. Assumptions for sampling include one regular
ample per 32 yd3 removed (one per container) and one

quality control sample per twenty regular samples. Site
Ce tifit aMu samples were assumed to be taken at one per
,500 1i: of bottom area with a minimum of four samples.

Additional activities included treatment process sampling,
which was assumed to be at a rate of one sample per
1000 yd' of feed material.

[his level includes excavation, capping, dynamic
:ompaction, and personnel training. The excavation
ictivity includes excavation of noncontaminated soil,
:xcavation of contaminated soil, and demolition of solid
vaste matIials. The capping activity includes all steps
hecessary to construct the appropriate cap layers. The
.ynamii C: compaction activity includes the physical
oipac tion and (lust suppression. Personnel training
ucluded the standard 40-hour course, a fundamentals of
adiation safety course, and an 8-hour supervisor course.

SUB:13 Physical Treatment 'his level includes both soil washing and solid waste
omipae tion activities, such as mobilization/setup,

nersonnei training, operation, system maintenance,
leiobilization, and pre and posttreatment plan submittals.
\ssuniptions include a swell factor of 25 % for the
naterial being hauled from the excavation. 90% of the
ontainnit ed imaterial wais assumed to be compactible.

F- 13
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Table B-1. Cost Model Work Breakdown Structure Discussion. (page 2 of 3)

ELEMENTS AND LEVELS

SUB: 14 Thermal Treatment

SUB:15 Stabilization/Fixation

SUB: 18 Disposal (Other than Commercial

SUB:20 Site Restoration

SUB:21 Demobilization

ERC: Enxironmental Restoration Contractor

ERC:02 Ojesite Laboratory

DESCRIPTION

This lei tI includes thermal desorption mobilization/setup,
personnel training, system operation, demobilization, and
pre and posttreatment plan submittals. It is assumed that
5% of contaminated soil is organically contaminated and
will be rhernally treated should organics be present. An
additional assumption includes a swell factor of 25% for
the material being hauled from the excavation.

lhis level includes in Situ Vitrification
mobilization/setup, personnel training, system operation,
demobilization, and pre and postconstruction submittals.

This level includes transport to the disposal facility and
disposal Iees/taxes. Assumptions include a 60% swell
factor foi demolition waste and a 25% swell factor for
soils. Reduction in final volume is achieved and
quantified based on specific treatment process. A
disposal te- of $70/cubic yard was assumed based on
current stiniates for initial construction,
operationis/maintenance, and anticipated expansion of the
environimnital restoration disposal facility.

* his levi ucludes activities, such as load/haul borrow
materials, spread/compact borrow and stockpiled
material, revegetation, and irrigation. Assumptions
include the availability of onsite borrow materials at no
additional charge.

[hIs ltv 1 includes the demobilization of temporary
facilities. Note: Because multiple sites will be cleaned
up within an operable unit and a cost for mobilization
between sites is already included, no allowance for
lemobilizition is made. Only the cost to remove
empolal y utilities, fencing, and decontamination facilities
ire included.

I'his element represents activities performed by the prime
ontract*r*.

[his level includes mobile laboratory support, quality
issurancv/safety oversight, and health physics support.
)0% ol icutine soil and solid waste samples were
issumed to be analyzed using level III analysis. Routine
ampling was assumed to occur at one sample per every
2 yd3 removed (one per container.)

This level i icludes personnel protection services,
ncludinip equipment, maintenance, and laundry services.

1 -14
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Table B-1. Cost Model Work Breakdown Structure Discussion. (page 3 of 3)

ELENIENTS AND LEVELS

Subcontractor Material Procurement Ratw,

Project Management/Construction Management

General & Administrative/Common Support Pool

Contingency

Total, Capital, Annual Operations and Maintenmce

Present Worth

DESCRIPTION

The materials procurement rate reflects the activities
associated with procurement or direct materials,
inventories, and subcontracts.

This cost accounts for project management, construction
management, and office support personnel.

The general and administrative costs consist of indirect
costs of activities that benefit the company and cannot be
identified to a specific end cost objective. The common
-support pool provides for site-wide services of which the
company pays a proportional share.

A contingency value is calculated for the various waste
site groups based on an evaluation of the various levels,
the relative importance of the factor to successful
completion of the action, and the probability that the
factor will change,

The total represents the costs associated with the remedial
action. the total cost includes capital and operations and
maintenance of a cap. These costs are accounted for
through the year 2018.

Present worth is calculated using a 5% discount rate over
tle life of the activity.

li-ll
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Table B-2. Cost Summary for Retention Basins.

Cost Element

ANA: Offsite Analytical Services

AN A02Laboratory Analysis

SUB: Fixed Price Contractor

SUB:01 Mobilization and Preparatory

UB:02 Sample Collection amd Monitoi ing

SUB:08 Solids Collection and Contain ent

SUB: 13 Physical Treatment

S1 UB: 18 Disposal (Othe r than Comme al)

SUB:20 Site Restoration

SUB:21 Derobilizatimn,

FRC: Environmental Restoration Contract ir

lRC:02 Onsite Laboratory

E RC:08 Solids Collection and Containment

Subcontractor Materials Procurement Rate

Project Managenent/Construction Managei ient

General and Admin./,Common Support Pot

Contingency

Total

Capital

Annual Operations and MaiteCnarc e

Present Worth

SS-4 SS-10

896,730 2,791,230

98,320 86,895

655,060 1,687,645

1,488,360

5,429,140 4,582,906

19,930 17,686

1,138,810 3,252,496

117,830 367,196

497,740 576,862

7,729,210 9,282,410

15,110,600 18,147,112

27,095,250 34,078,290

102,359,830 126,181,775

102,359,830 101,704,269

0 7,649,221

95,988,999 113,522,862

2,701,331

24,631,614

23,978,104

SS-3/SW-3: Containment
SS-4/SW-4: Removal/Disposal
SS-8A/SS-8B/SW-7: In Situ Treatnm nt
SS-10/SW-9: Remi oxal/Treatmena /Di po sal

1-16
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Table B-3. Cost Sunmiarv for Sludge Trenches

Cost Element

ANA: Offsite Analytical Services

ANA:02 Laboratory Analysis_

SUB: Fixed Price Contractor

SUB:01 Mobilization and Preparatory

SUB:02 Sample Collection and Monitoring-

SUB:08 Solids Collection and Containment

SUB:13 Physical Treatment

SUB: 14 Thermal Treatment

SUB: 15 Stabilization/Fixation

SUB: 18 Disposal (Other than Connercial)

SUB:20 Site Restoration

SUB:21 Demobilization

ERC: Environmental Restoration Contractor

ERC:02 Onsite Laboratory

ERC: 08 Solids Collection and Containment

Subcontractor Materials Procurement Rate

Project Management/Construction Management

General and Admin./Common Support Pool

Contingency

Total

Capital

Annual Operations and Maintenance

Present Worth

I IF S-4 SS-8A SS-10

54,731 84,200

52,930 50,880 58,720

22,070 10,370 29,110

49,220 30,350 54,230

- 436,620

2,425,230 -

476,830

32,560 93,660

270,280

114,200

13,890 13,960 13,890

58,900 205,630 101,880

4,220 31,650 8,790

54,570 191,580 71,320

129,780 458,000 173,850

253,710 895,380 339,880

443,160 1,498,270 650,070

1,746,550 5,904,950 2,407,030

1.746,550 3,614,830 2,130,290

0

1,665,934

2,290,120

5,630,268

276,740

2,302,000

SS-3/SW-3: Containient
SS-4/SW-4: Removal/Disposal
SS-8A/SS-8B/SW-7: In Situ Treatmm
SS-10'SW-9: Removal/Irearment Di

F 17
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Table B-4. Cost Summary for Fuel Storage Basin Trenches.

Cost Element - :_ 3 SS-4 SS-1O

ANA: Offsite Analytical Services

ANA:02 Laboratory Analysis 134720 202,080

SUB: Fixed Price Contractor

SUB:01 Mobilization and Preparatory 48,220 54,020

SUB:02 Sample Collection and Monitoring 90,500 109,850

SUB:08 Solids Collection and Containient 197,440 210,690

SUB: 13 Physical Treatment - 1,110,490

SUB: 14 Thermal Treatment -

SUB: 15 Stabilization/Fixation - -

SU13:18 Disposal (Other than Comnen al) 1,296,360 591,070

SIUB:20 Site Restoration 327,910 265,790

S LB:21 Demobilization 13,220 13,210

E RC: Environmental Restoration Contract r

E RC:02 Onsite Lahoratory 195,830 261,770

ERC :08 Solids Collection and Contairn out 16,880 21,450

Subcontractor Materials Procurement Rate 144,080 171,920

Project Management/Construction Managerrent 349,570 421,540

General and Admin./Common Support 'oo 683,410 824,110

Contingency 1,189,370 1,575,460

Tjtal 4,687.520 5,833,480

Capital 4,687,520 4,883,100

Annual Operations and Maintenance 0 950,380

Present Worth 4,466,689 5,565,137

SS-3/SW-3: Containment
SS-4/SW-4: RemovaL/Disposal
SS-8A/SS-8B/SW-7: In Situ Treare it
SS 10 SW-9: Removal/Treatmnent Di pos *

B 18
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Table B-5. Cost Sumnmai y for Process Effluent Trenches.

Cost Element

ANA: Offsite Analytical Services

ANA:02 Laboratory Analysis

SUB: Fixed Price Contractor

SUB:03 Mobilization and Preparatory

SUB:02 Sample Collection and Monitoring

SUB:08 Solids Collection and Contaimicnt

SUB: IS Physical Treatment

SUB:14 Thennal Treatment

SUB:15 Stabilization/Fixation

SUB:1 Disposal (Other than Commercial

SUB:20 Site Restoration

SUB:21 Demobilization

ERC: Environme ntal Restoration Contractor

ERC:02 Onsitt Laboratory

ERC:0 Solids Collection and Containment

Subcontractor Materials Procurement Rate

Project Management/Construction Management

General and Admin./Common Support Pool

Coningency

Total

Capital

Annual Operations and Maintenance

Present Worth

SS-3/SW-3: Contaimunent
SS-4/SW-4: Removal/Disposal

SS-4 SS-8A SS-10

298,910 564,140

69,430 68,250 75,120

219,350 88,710 303,450

456,380 233,580 525,740

- 1,611,480

- 27,873,720 -

895,520 - 4,750,350

1 145,530 669,110 1,037,890

16,190 16,460 16,170

399,560 2,256,070 626,660

39,740 370,950 61,200

78,110 289,500 83,200

1,249,330 4,779,950 1,363,690

2,442,430 9,344,810 2,666,010

4,188,630 15,636,980 5,063,490

[(,508,130 61,628,090 18,748,610

1U,508,130 33,886,890 17,295,880

0 7,300,316 1,452,730

I 5,725,648 54,806,062 17,866,453

SS-8A/SS-8B/SW-7: In Situ Treatmient
SS-10/SW-9: Removal/Treatmeit/I isposal

1-19



DOE'RI -94-61
Rev 0

Table B-6. Cost Summary for Pluto Cribs.

Cost Element

ANA: Offsite Analytical Services

ANA:02 Laboratory Analysis

SUB: Fixed Price Contractor

SUB:01 Mobilization and Preparatoiy

SUB:02 Sample Collection and Monitoring

SUB:08 Solids Collection and Containent

SUB: 13 Physical Treatment

SUB:14 Thermal Treatment

SUB: 15 Stabilization/Fixation

SUB:18 Disposal (Other than Commercial)

SUB:20 Site Restoration

SUB:21 Demobilization

ERC: Environmental Restoration Contractor

ERC:02 Onsite Laboratory

ERC:08 Solids Collection and Containment

Subcontractor Materials Procurement Rate

Project Management/Construction Management

General and Admin./Conmnon Support Pool

Contingency

Total

Capital

Annual Operations and Maintenance

Present Worth

SS-3/SW-3: Containen

SS-8A SS-10

277,310 687,150 716,990

277,310 j 597,530 707,750

0 89,620 9,240

266,639 660,573 692,246

SS-4/SW-4: Removal/Disposal
SS-8A/SS-8B/SW-7: in Situ Treatmnnt
SS-1 /SW-9: Removal/Tfreatnient/Dispo al

1-20

16,840 - 29,470

53,120 45,040 53,600

1,540 960 1,670

6,590 6,040 7,560

- 171,110

- 225,280 -

16,960 - 10,090

19,870 18,640 19,480

13,110 13,120 13,210

10,030 22,110 41,410

280 1,550 3,870

8,120 22,560 20,200

19,440 53,300 51,330

38,010 104,190 100,350

73,410 174,350 193,640
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Table B-7. Cost Summary for Dummy Decontamination Cribs and French Drains.

Cost Element

ANA: Offsite Analytical Services

ANA:02 Laboratory Analysis

SUB: Fixed Price Contractor

SUB:01 Mobilization and Preparatory

SUB:02 Sample Collection and Monitoring_

SUB:08 Solids Collection and Containment

SUB: 13 Physical Treatment

SUB: 14 Thermal Treatment

SUB: 15 Stabilization/Fixation

SUB: 18 Disposal (Other than Conunercial)

SUB:20 Site Restoration

SUB:2I Demobilization

ERC: Environmental Restoration Contractor

SS-3

42,3

188,6

SS-8A SS-10

Ti ,j4 - 29,470

40 52,730 44,520 52,660

2,680 1,840 2,780

50 7,700 8,130 9,270

171,630

- 247,890 -

20,150 - 11,410

295,270 21,100 19,480 20,340

12,770 13,060 13,030 13,020

ERC:02 Onsite Laboratory

ERC:08 Solids Collection and Containment

Subcontractor Materials Procurement Rate

Project Managerment/Construction Management

General and Adnin./Comnno Support Pool

C.ontingeiicy

Total

Capital

Annual Operations and Maintenance

Present Worth

9 015,7

2'

12,3 50

12,060 23,970 44,080

560 1,830 4,220

8,570 24,450 20,520

250,1iR 20,790 57,770 52,490

488,97 -

3 224,710

3 224,70

216,9 S9

3 194,406

40,650

78,080

294,980

294,980

0.

283,449

112,940

188,990

744,850

632,340

112,510

715,494

102,620

197,770

732,280

720,850

11,430

706,693

SS-3/SW-3: Containment
SS-4/SW-4: Removal/Disposal
SS-8A/SS-8B/SW-7: In Situ Treatmi ut
SS-10/SW-9: Renoval/Tieatment'/Di;posd

F-21
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Table B-8. Cost Summary for Pipelines.

Cost Element

ANA: Ofisite Analytical Services

ANA:02 Laboratory Analysis

SS-3

--_IIEL

SS-4 SS-8B

412,580

SUB: Fixed Price Contractor

SUB:01 Mobilization and Preparatory

SUB:02 Sample Collection and Monitoring

SUB:08 Solids Collection and Contaiinment

SUB: 13 Physical Treatment

SUB: 14 Thermial Treatment

SUB: 15 Stabilization/Fixation

SUB: 18 Disposal (Other than Commercial)

SUB:20 Site Restoration

SUB:21 Demobilization

ERC: Environmental Restoration Contractor

ERC:02 Onsite Laboratory

ERC:08 Solids Collection and Containment

Subcontractor Materials Procurement Rate

Project Management/Construction Management

General and Admin./Coinnon Support Pool

Contingency

Total

Capital

Annual Operations and Maintenance

Present Woth

706,870 47,282 52,270 47,280

- 935,521 - 1,014,990

46,388,220 2,793,691 4,025,580 2,812,350

- - 5,933,280

- 7,994,662 - 5,912,960

2)44,120 4,115,948 1,314,900 3,951,860

06,380 10,984 14,120 10,980

1569,950 1,565,798 128,240 1,565,930

34,220

501,460

219,825

158,981

12,310

394,700

216,660

196,840

7,837,680 2,676,404 891,320 3,249,470

15,322,670 5,232,369 1,742,530 6,352,710

25,639,930 9,942,337 2,915,830 11,851,670

101,051,500

101,051,500

44,068,809

109,645,406

36,106,38

36,106,38

0

32, 948,74
0

11,491,800

11,491,800

1,121,388

11,573,598

43,883,200

38,108,100

2,310,040

40,025,889

SS-3 SW-3: Containment
SS-4 'SW-4: Removal/Disposal
SS-8A/SS-8B/SW-7: In Situ Treatment
SS-1t/SW-9: Removal/Treatnient/Disposal

P -22
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Table B-9. Cost Summarv for Burial Grounds.

Cost Element

ANA: Offsite Analytical Services

ANA:02 Laboratory Analysis

SUB: Fixed Price Contractor

SUB:01 Mobilization and Preparatory

SUB:02 Sample Collection and Monitoring

SUB:08 Solids Collection and Containment

SUB: 13 Physical Treatment

SUB: 14 Thernal Treatment

SUB: 15 Stabilization/Fixation

SUB: 18 Disposal (Other than Commercial)

SUB:20 Site Restoration

SUB:21 Demobilization

ERC: Environmental Restoration Contractor

ERC:02 Onsite Laboratory

ERC:08 Solids Collection and Containment

Subcontractor Materials Procurement Rate

Project Management/Construction Management

General and Admin./Common Support Pool

Contingency

Total

Capital

Annual Operations and Maintenance

Present Worth

SS-31SW-3: Containment
SS-4 SW-4: Removal/Disposal
SS-SA/SS-8B/SW-7: In Situ Treatment
SS-] 3/SW-9: Removal/Treatment/Disposal

SW -3

47,460

584,440

SW-4 SW-7 SW-9

12,630 - 12,630

3,490 60,210 60,410

30 1 - 30,420

75,620 608,090 75,610

- - I 87,220

1,308,530

13,490

- - I 278,830

767,640

173,970

14,010

,308,500

13,490

446,340

172,910

14,010

28,100 52,580 52,820 66,960

490 6,330 3,170 11,400

142,640 81,410 145,290 85,100

28,740 188,320 318,780 199,380

623,210 368,170 624,680 389,790

1.042,840 675,100 1,075,430 714,480

4.110,010 2,499,700 4,238,450 2,645,500

4.110,010 2,499,700 4,238,450 2,508,630

,72,106

4 292,018

0

2,383,260

699,315

4,430,148

136,870

2,532,877

[ -23
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Table C-1 Potential Federal ARARs

ccriptons Citalion Requirements Remarks Alternaives Operable
Prortially Unit
Affected

t  
Affected

Atomic Energy Act of 1954, as 42 U.S.C. 2011 et seq. Authorizes DOE to set standards and restrictions governing
amended facilitcs used for icseasch, development, and use of atomic energy.

Deparsment of Escrgv I CIR 3 35 .u.u.s.upadoni ali seor iadiotog.cai exposure mmu. Adheres to DOE Radiological All BC-I
Occupational Radiation Control Manual DOE/EH-02561, DR-I
Protection (Final Rule) which is encompassed within the HR-1

Hanford Site Radiological Control
Manual.

Nuclear Regulatory I C CF- Part 20 Subpart C Sets occupational dose limits for adults Total effect dose Occupational dose limis wiul be All BC-i
Comnission Standards equvalent equal to 5 ren/year. followed during remediauon in DR-]
furProctonAga , radiological areas. HR-I
Radiation

bransum Will taiings Radiation Public Law 95 604, as
c otro Act of 1978 1 am ended

Standards for raiut 40 'FR 192 Establishes standards f-j contro, eleanup, and nsaseilict of May be relevan and appropriate It A I11W-i
and ihoriusm Mil radioactive matenals from inactive uranionlu processing sites. any radiuan-226 is encountered. DR-1

Land Cleanup Standua 41) CF 192 10-192.1? Requires remedial actions to provide reasonable assurance that as a May he relevant and aoorogr -'

d C d1ru sidua lrisuvs mw i risis from any designated any radium-226 encountered DR-1
pi ossimg sitc, de coscenuaon oi radumt-226 m land averaged durig remediaton. Radium-226
over any area of 100 m2 shall not exceed the background level by did not result from uranium

_car" an 
5 pCig, a,S v hul cm elOw ie processng: therefore rre't Iplono I

9-'- M'd P7," -'d-, , 15-Lii K haa of stifli not aplaleSS.
more than 15 cm below the surface. In any habitable building, a
reasonable effort shall be made during remediation to achieve an
annual average (or equivalent) radon decay product eoncntratuon
(including background) not to exceed 0.02 Working Level (WL).
Ir any ease, the radon decay product concentrauin (iuciuding
background) shall not exceed 0.03 WL and the level of gamma
radiation shall not exceed the background level by more than 20
microrocntegens per hour.

linplementation 40 CFR 192.20-19223 Requires that when radionuclides other than radium-226 and its May be relevant and appropriate if All BC-I
decay products are present in sufficient quantity and concentration any radium-226 is encountered DR-I
to constinte a significant radiation hazard from residual radioactive during remnedialion.
materials, remedial action shall reduce other residual radioactivity
to levels as low as reasonably achievable (ALARA)-

*No acnon and institutional control alternatives are not considered.
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Table C-1. Potential Federal ARARs.

Description Ciauiou Requirements [ Remarks Alternatives Operable
Potentiaily Unit
Affecteda Affected

Archaeological mid 16 U.S.C. 469 Requires action to recover and preserve artifacts in areas where activity may cause Applicable when remedial action threatens All BC-1
Historical Preservation Act irreparable harm, loss, or destruction of significant artifacts significant scientific, prehistorical, historical. or DR-1
of 1974 archeological doat. HR-1

Archaeological Resources 16 U.S.C. 47as unt Protects archaeological and traditional cultural properties associated with Applicable when remedial action threateos All BC-i
Protection Act of 1979 (1990) archaeologicalsites. Requires notification of Indian Tribes of possible harm to or archaeological and traditional cultural properties. DR-1

destruction of sites having religious or cultural significance. HR-1

Protection of 43 CFR Pat 7 Establishes procedures to be followed by federal land managers to protect Applicable when remedial action threatens All BC-
Archaelogical Resources arliaeologcal resources on federal lands. Sets civil and erininal penalties for archaeological resources. DR-1

violattons; protects confidentiality of archaeological resource information. HR-1

American idian Reifgvir 42 T_ o " P vides for access by Native Aimericans tecligius sites and deslcopant of Applicable when remeSial ael - Tcns s auve Alt BC-t
Freedont Ad of 1978 iegation measures if actions will deny such access. Requires agency to consult with American religious sites. DR-1

uuditnal religious leaders regarding acoyic-os that might ficrt religious sites HR-I

The Religio, Fr , It? y -0 -res age-1, demonstrate compeling need leot a project da will A y du fl. Applicab when reinediai acua tareatens Native Au BC -I
Resloratiun Alt of 1993 P.L 103-141 execise of religion by Native Americans. If activities threaten access to religious American religious sites. DR-I

L cots tntsit awils th-ilses will le necessasy. 11,

Antiqities Act of 1906 16 U.S.C. 431-433 Protects all historic and prehistoric ruins and objects of antiquity located on Federal Applicable when remedial action thrats hisor- ^ 1 All I

O h , i -s s u cs si .r u n a s s a n c so n s a g a i n s t c x a v a f o i , in j u r y , o r d e su u c u o n o f o r p r e h i s t o r ic r u in s . D R -1
suhresources. Io -it

Endangered Specier Act of 16 US.C, 1531 Prohibits federal agencies from jeopardizing threatened or endangered species or This law is applicable as threatened or endangered All BC-1
1973 se. adversely modifying habitats essential to their sur-ival. If waste site remedianion is species have been identified with the 100 Area. DR-1

Iitn srnsiti habitat or buffer zone sr'ou-ndin tsreened -,1 rssdagcrd specs jR-i

mcitigaaosn escssuc Sisust taken to praoote ti ssce. o rss tayi fcmda cinsptnilyipctmgaag AlB-
Migratory Bird Treaty Act 16 US. C'. 7f3 t Makes it illegal to pursue, hunt, take, capture, kiii, possess, trade, or transport any If remedial actions polandialy impact m a All BC-1

seq. 50 CFR 10-24 migratosy bird, part, nest. or egg included in Use terms of the conventiosbetween birds, this Act is applicable, DR-1
SUe 1S. and Great Britain. the U.S and Mexico, and the US. and Japan. Although HRI-
this Act does not require ecological assessments be done for federal agency projects,
if a disturbance is expected in an area where migratory birds may be affected, such
asi assessment should be done to ensure the law's intent.

Fish and Wildlife 50 CFR Parts 17, Requires identifcation of activities that may affect listed species. Actions must not This law is applicable as threatened or endangered All BC-I
Services List of 222, 225, 226, 227, threaten the continued existence of a listed species or destroy critical habitat. species have been identified with the 100 Area. DR-1
Eindangered and 402, 424 Requires consultation with die Fish and Wildlife Service to determine if threatened or HR-I
Threatened Wildlife endangered species could be impacted by activity.
and Plants

Historic Sites, Buildings, 16 U.S.C. 461 Establishes requirements for preservation of histoai, sites, buildings, or objects of Applicable to properties listed in the National All BC-1
and Antiques Act national significance. Undesirable impacts to such resources must be mitigated. Register of Historic Places, or eligible for such DR-i

listing. HR-I

-No action and mststutional control alternatives are not considered.
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Table C-1. Potential Federal ARARs.

iption Citatioi Requirements Remarks Alternatives Operable
Potentially Unit
Affected' Affected

National Historic Preservation Act 16 U.S.C. 470 et seq. Prohibits impacts on cultural resources. Where impacts Applicable to properties listed in the All BC-1

of 1966, as amended. are unavoidable, requires impact mitigation through National Register of Historic Places, DR-I
design and data recovery. or eligible for such listing. HR-I

Protection of Historic Properties 36 CFR 800 Sets criteria to assess effects, to develop mitigation Applicable when remedial action All BC-1
measures to address unavoidable adverse impacts, and threaten a historic property DR-1
to address properties discovered during implementation discovered during remedial activity. HR-1

of an undertaking.

Historic Sizes Act of 1935 16 i.S.C. 461-46- Requires action to undertake the recovery, prolection, Applicable when remedial action All BC-1
3o Cl-R b5 and preservauon of sites, buildings, objects, and Inreatens sites. buildings, objects. DR-i

antiquities of National significance. and antiquities of National HR-i
signicance.

Native American Graves Protection 25 U.S.C. 3001-3013 Requires action by Iederal agency when Native Applicable if, during remedial All BC-I

and Repariation Act of 1990 PubLi Law 101-60 i American iuman reains and associated bnerary action, Native American human DR-I

(1993) objects are inadvertently discovered duri g construction. remains or burial objects are HR-I

notification to appropriate Indian Tribes. may resume 30 days after
certitication that agency head and

Indian Tribes have been notified.

Fioodplains/etiands ; CFR Part 1022 I Requirca federal aisencics LO avoid, to the exiCtII Apiicabie if reediuiactivitics take -=1 BC-

Environmental Review possible, adverse eects associed with the place in a floodplai or weilakd, I DR-i

development o a Iloodplain or the destruction or loss of 
HR-!

w tlnds.
-No aetin and institutional control alternatives are not consadered.
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Table C-1. Potential Federal ARARs.

Description Citation Requirements Reinaks Alternatives Operable
Paamnlill! U-4.1

Affected* 
Affected

|Clean ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -' Ai ca mne .SC 4 "m niommunti .a desiga to reginote any ortivities tbaI afloat
air quality, providing the national framework for controlling air pollution.

National Emissions Standards lor 40 CFR Pai 6 Establisises numerica standards for hazardous air poimants.

Hazardous Air Pollutants (NESItAP)

Radionuclide Emsosions from DOE 40 CFR 6192 Prohibits emissions of radioauclides to the ambient air exceeding an effective dose Applicable to incinerators and other remedial SW4,SW-7, BC-I
Facilities (except Airbone Rdon-222, equivalent of 10 mrem/year, tecltologies where air emission may occur. SW-9,SS-4, DR-I
and Radon-220) SS-8,SS-10 HR-I

Emission Standards for Asbestos for 40 CFR 61,% i States there mst either be no visible emissions so the outside air during the Applicable to recoverv and handling of asbestos wastes. SW-SW-7, BC-I
Waste Dispos"! Operlaons [or coliccli. processing (including incinermtion2  packaging, cr iransspotitg of any SW-9 DR-1
Demolition and Renovation abestos-comaining waste material generated by the source, Cr specified waste HR-1

treatment meodso must be used.

Asbestos Standard for Active Waste 40 CFR 61 154 States there must either be no visible emissions to the outside air during the Applicable to landfili disposid of asbestos. SW-4.SW-9 BC-1
Disposal Sites coilection, processing (including incineration), packaging. o transponing of any DR-1

asbestos-consammg waste material generstea by the source, or specified waste HR-i
P±±± 5-±.ss ofods must be usedi.

Protection of Stratospheric Ozore 40 CFR 82 Managener of refrigerant systems. Applicable to all buldings/faciities containing All BC-I

HR-1

r Jeroaivss,' snres -. _... Creates ac n.. rasonai rewri, ir lat, e potilialelo anU wer quality Applicabe to discharges of pollutants to navigable
(FNPCA s .meded by the Cle 40 managemenm in the United States. water.

The Nationa Nomtant bocrarge 40 CFR Pan 122 Pan 122 coven establishing technology-based limitations and standards controil of Applicable if renediation includes wastewater SW-3,SW-4 BC-1
Elimination System (NPDES) toxic pollutants, and monitoring of effluent t ensure limits are rot exceeded, discharge; also applies to storm water runoff associated SW-i.SW-9 DR-I

with industrial activities. Effluent limitatio;. il2 _-5 H

estamsned V EPA are included In NDPES permit. SS-10
NPDES Criteria and Standards 40 CFR 125.1(4 Best management practices program shall be developed in accordance with good Applicable if remediatiis includes wastewaler SW-3,SW-4, BC-1

engineering practices. discharge; also applies to storm water nnoff associated SW-7,SW-9, DR-1
wit industrial activities. Effluent limitations SS-3,SS-4, HR-1
established by EPA are included in NDPES permit. SS-10

Discharge of ei 40 CFR Par 110 Prohibits discharge of oil that violates applicable water quality standards or causes Applicable if oily water is discharged or caused to run All BC-1
a ser. oi oil on water surface. Runoff from site will need controi for oily water off during remedial action. DR-i
discharge to watert of the United States. HR-1

Solid Wase Disposa? Act, as amended by 40 U-S.C. 6901 et se. Establishes the basic framework for federal regulation of solid waste. Subpart C Hazardous waste generated by site remediation
the Resource Conserveaion and Recovery of RCRA comnroi the generation, tansportation, treatment, storage, and disposal activities must meet RCRA generator and treatment,
Art (RCRA) of hazardous waste through a comprehensive "cradle to grave- system of storage, or disposal (TSD) substantive requirements.

bazardous waste management techniques and requirements. Applicable if hazardous waste is generated during

reanediation.
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Table C-1. Potential Federal ARARs.

Description Citation cquir.ms Remarks Altematives Operable
Potentially Unit
Affected- Affected

idcsfufations and ataing os iazardous 40 CF-k Pan 261 [WAC Identifies by bosh listing and characterization, those solid wastes Applicable if remediation techniques result in SW4, SW- BC-1
Waste 173-303-016] subject to regulation as hazardous wastes under Pas 261-265, 268, generation ofhazardous wastes. Environmental 9, 55-4, DR-1

270, 271, and 124 media (e.g., soil and groundwater) contaminated SS-8, SS-10 HR-I
with kcRiA uLste waste st be smanaged as

RCRA listed waste unless the regulatory
agencies determine that the media no longer
contains the listed waste.

Standards Applicable to Generators of 40 CFR Part 262 IWAC Describes regulatory requirements imposed on generators of Applicable if remediation techniques result in All BC-1
Hazardous Waste 173-303] hazardous wastes who treat, store, or dispose of the waste onsie generation of hazardous waste. DR-1

HR-1

De~ii & -rsc sa -n 'kLI 4U C- 262.11 5WAe 173- Requires generator to determine waste designation and LDR Status. Applicable if remediation techniques result in All BC-i
Status 0I-070) gene-ratiss of solid wast. DR-I

I _HR-I

Accumnulatiost Time 40 55K i .4 1 A&- i 03- Allows a generator to accumulate hazardous waste on site for 90 Hazardous waste removed from the 100-Area SW-4 SW- BC-1
303-200] days ut ess without a permit, provided that all waste is operable units, and waste treatment residues, 9, SS4, SS- DR-I

znraiserizd and labeled are subject to the 90-day generator accumulation 8, SS-10 HR-I
requiremen i 'e f ai s- ! -- ,

days or less. If hazardous waste is stored ot
site for more than 0 -as tbh-
provisions of permiting standards for TSD

faiiisaeapplicable.
Standards for Owners and Operators of 40 CFR Part 264 facitliahts reqoiimns for oaerapce haad. c:, -Irreacatn tschinque "ili, i ss4b, b- i
iisszsrdous lctUrmeuns ae, and WPAC 171-1,0t oraL". and dispoal fa:ilitits , aacisi pu a opuun orste reatasiet 55wra e or isisai f Wv . DR i

Ip-i! asicse November D9. 1980. Facilities in spersion before that date hazardou a SW- 55- HR-i
and existing facilities handling tewly regulated wastes must meet 10
similar requirements in 40 CfR Part 265.

Closure 40 CFR 264.111-264. 116 Performance standard that controls, minimizes, or climinates, to ice Substantive requirements may be relevant and SW-9, SS- BC1
[WAC 173-303-6101 extent necessary to protect human health and the environment, appropriate during rertadiation activities. 8, SS-10 DR-1
Subpart G postclosure escape of chemicals, disposal or decontamination of HR-1

equipment, stuctures, and soils. Ail contaminated equipment,
structures, and soils must be properly disposed.

Posetclosure 40 CFR 264,117-264.120 Postclosure care must begin after completion of closure and continue Applicable to waste remaining in place after SW-9, SS- BC-1
IWAC 173-303-610] for 30 years. During this period, the owner or operatormust closure. Requires postclosutre care and 8, SS-10 DR-1
Subpart G comply with all postelosure requirements, including maintenance of monitoring to ensure elimination of escape of HR-1

cover, leachate monitoring, and grountdwatermonitoring. hazardous consttuents, leachate, and
contaminated runoff.

*No action and insutional co Uol aternaves are not considered.
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Table C-i. Potential Federal ARARs.

Description Citation Rquimients Remarks Alternatives Operable
Potentially Unit
Affected* Affected

Container Storage 40 CFR 264.170-264-178 Condition of containers, compatibilty It waste with containers, May be applicable if container storage is to SW-4, SW- BC-1
[WAC 173-303-160-173- container management, containment, special requirements for occur. Inspection requirements may be in 9, SS-4, SS- DR-1
303-161] Supbat I ignitable or reactive wastes. potential conflict with AIARA requirements. 8, SS-10 HR-1

MIsecianeons Unit 40 CFR 264.600-603 (WAC Requires general environmental performance standards for May be applicable if miscellaneous units SS-10, SW-9 BC-1
t73-303-680)SubpartX operations including monitoring and inspections, occur, i.e., thermal treatment is used. HR-1

Waste Piles 40 CFR 264.250-259 (WAC Design in operating requirements: monitoring, leachate system and May be applicable if waste piles occur outside All BC-I
173-303-660) SubpartL lines. area of contamination. DR-i

I HR- I
Tanks 40 CFR 264. 19-1v9(WAC I Design operating standards for tancs includmg secondary May be applicable if tank storage is to occur. SS-10. SW-9 BC-I

S73-
5 03.MI-Y XNjbnt 0 containment and leak detection systems; rak management, inspection requircsncns may be potential DR-I

containment; special requirements for ignitable or reactive wastes. conflict with ALARA requirements. May be HR-I
'on applicable for soil washing process

Temporai T iol 40 CFR 2M6-551 (WAC Establishes alternative perfonnance standards for temporary tanks Applicable if tcmprary unit is umcd. SS -10, SW-9 BC-i
173-3-3-646(7) and containers used for treatment or storage of hazardous DR-I

.rendiaion wastes for up t one year. HR-i

Land Disposal Res-icuns 40 CFR Patt 26b [WAC Generally prohibits placmetnt of restricted RCRA hazardous wastes Applicable unless waste has been treated, All BC-i
- m 01nuu-tia aco t~i~s OSLO I, aliilS. .st. dpoo etl , mu treatent has betn waived, a eataescj DRI

141] waste piles. variance has been set for the waste, an HR-I
equivalenttreatentsmethod has ben

established, or waste qualifies for delisting.
Dilution Prohibition 40 CR 268.3 Subpart A Requires mediation waste to be appr opriatcly treated which does Applicable if waste contains RCRA hazardous All BC-1

Soot include dilution. Generators are required to identify applicable I constituents DR-I
tretmnt standards at 1se pois; .1 r si iusnuxini HR-a
with other remediation wastes.

Debris Rule 40 CFR 268.45 Requires treatment of hazardous waste debris by specified Applicable if waste contains RCRA hazardous All BC-I
technologies contained in 40 CFR 268.45, Table I. constinuents. DR-i

I_ HR-I
Prohibition and Treatment 40 CFR 268.30-268.46 Establishes treatment standards that mus i e met prior to land Applicable if wastes contain RCRA hazardous SW-4, SW- BC-i
Standards [WAC 173-303-1401 disposal. constituents. 9, SS-4, SS- DR-i

10 HR-1
Prohibition on Storage 40 CFR 268.50 [WAC 173- The storage of nonradioactive hazardous waste restricted from land Applicable only to nonradioactive hazardous SW4, SW- BC-1

303-141] disposal under RCRA Section 3004 and 40 CFR 268, Subpart C, is waste. 9, SS-4, SS- DR-I
prohibited unless wastes are stored in tanks and containers by a 10 HR-I
generator or the onsite operator of a TSD facility solely for the
purpose of accumulation of such quantities as to facilitate proper
treatment or disposal. TSD facility operators may store wastes for

up to one year under these circumstances.

'NO action and instinatiorsal control alternatives are not considered.
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Table C-1. Potential Federal ARARs.
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Description Citation Requiremens Remarks Alternatives Operable
Potentially Unit
Affected' Affected

Toxic Substances Control Act (TSCA), 15 U.S.C. 2601 et seq. Provides EPA with authority to regulate the production, use,
as amended distribution, and disposal of toxic substances.

Regulation of Polychlorinated 40 CFR Pan 161 For spills occurring after May 4, 1987, spillage or disposal must be The PCBs may have been disposed of All
Biphenyls (PCBs1  reported to EPA. Unless otherwise approved, PUBs at s the land ill sites us electncat

concentrations of 50 ppm or greater must be treated in an capacitors or transforners. If PCBs
incinerator. Spills that occurred before May 4, 1987 are lobe are found, this requirement would be
decontaminated to requirements established at the discretion of the applicable.
EPA.

*No action and institutional control alternatives are not considered.
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Table C-2. Potential State ARARs.

Description Citation Requirements Remarks Alernatives Operable

Affcted* Affected

Model Taxies Control Act (MTCA) 70.105D RCW Requires remedial actions to attain a degree of cleanup
protective of human health and the environment.

.lnUr Regulations WAC 173-340 Lsialliiscls cleanup levels and prescribes methods to Applicable to remediation actions All BC-I
calculate cleanup levels for soils, groundwater, surface where hazardous substances have DR-I
water, and air. been released. HR-I

Soil Cleanup Standards WAC 173-340-700-760 Establishes cleanup standards for contaminated media. Applicable to remediation actions All BC-I
These levels must be protective of the groundwater if where hazardous substances have DR-I
groniodwater is considered a pahway of exposure. been released. Levels will be HR-!

calculated based on final land use
decision. If airborne radionuclide
emissions are anticipated during
remediation at waste sites,
emissions riusIt be nmunilred and
control technology developed during

Radictic P ion--Air Emissions WAC 246-247 Establishes procedures to monitor and control airborne Atplcnoif lo Adieveope duIng
Radiatioblshe prn iAIi ibrer~in~it I [BC

radionuclide emissions. emissions are anticipated during DR-I
remedial action. HR-I

New and Modified Sources W A C ?46-24'-CtC RUUi. l . ,'a Oie ldouucilid cOmltrOi Applicable it airborne radionuclide AU BC>
techonogy 'BARCT euimissiuns are anticipated during t DR-1

*No action and institutional control alternatives are not considered. em aton. I
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Table C-2. Potential State ARARs.

Description CitationRequirements Remarks Alternatives OperableDecito 
Unit

Affected* Affected

Habitat Buffer Zone for Bald RCW 77.12.655
Eagle Rules

Bald Eagle Pruto,,,wn Rules WAC 232-12-292 Prescribes action to protect bald eagle habitat, such as Applicable if the areas of remedial All BC-1
nesting or roost sites, through the development of a site activities include bald eagle habitat. DR-I
management plan. HR-1

44 Prohibits the willful removal, mutilation, defacement, or
destruction of any cairn, grave, or glyptic or painted
record ol any Native Indian or prehistoric people.
Requires agency to consult with traditional religious
leaders regardine :iclviies that might affect religious
sites.

-012 Requires management plans if endangered, or sensitive
wiidlile or habitat ar. afeced. Washington State
Department of Fish and Wildlife will be consulted to
.i.... L.e...ai Itpacts.

There are Native American burial

grounds and cultural areas within
the 100 Area Operable Units:
therefore, this is applicable.

Upon the determination of impacts
to threatened endangcred, r
sensitive species or habitat by the
remedial actions, this may be
asnli Idable

All

All

BC-I
DR-1
fIR I

BC-1
DR-1

R -1

No acuon and nsritunonai control alternattves are not considered.

The Indian Graves and Records
Act of the State of Washington

Department of Game State
Environmental Policy Act

RCW 27.

WAC 232

--
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Table C-2. Potential State ARARs.

Description Cianon Requirements Remarks Alteratives Operable Unit
Potentially Affected

Affected*

Department of Ecology 43.12A DiN Vests the Washington Department of Ecology with the Authority
to undertake the state air regulation and management program.

Air Pollution Regulations WAC 173-400 Establishes requirements to control andlor prevent the emission of Applicable if emission sources are created SW-3. SW-4. BC-1
air contaminants. during remedial action. SW-7, SW-9, DR-1

SS-3, SS-4, HR-I
SS-8, SS-10

Standards for Maximum Emissions WAC 173400-040 Requires best available control teclnology be used to control Applicable to dust emissions front cutting SW-3, SW-4. BC-I
fugiuive emissions of dust from materials handling, conoucins. of concrete and metal and vehicular traffic SW-7. SW-9, DR-I
demnoistivn, or any other actvitics that are sources of fugitive during remediaion. ss-3, SS-4, HR-i
emissions. Restricts emitted art.icutes from Pewt deposited vs' 5-1
beyond the Hanford Site. Requires control of odors emitted from
the source. Prohibits masking or concealing prohibited
emissions. Requires mcasures to prevent fugitive dust from
Occontng airborne,

Emission Limits for Radionuclides WAC 173-40 Controls air emissions of radionuclides from specific sources. Aplicable to remedial actiities that result - SW-7, BC-I

air en.issions. SW-9, SS-4, DR-i

M ad Modified Emission Units WAC 173410-060 Requires tie best available radionuclidecontrol technology be Applicable to remedial actuons that result isW , SW-7, BC-1

emissions unit. ss-.ss-io HR-I

Washington Clean Air Act RCW 70.94 Establishes a statewide framework for the planning, regulation
control, aid management 01 air pollution sources.

Controis for New Sourcea of -loxr WAS 173-46 Establishes systematic control of new sources emitting toxic air Applicable if new sources emitting toxic SW4. SW-7. BC-1
Air Pollutants pollutants. air pollutants are established. SW-9, SS4, DR-1

SS-8, SS-10 HR-

Decontaminating Ambient Inpact WAC 173460-080 Requires Use owner or operator of a new source to complete an Applicable to remedial alteratives with SW4, SW-7, BC-I
Compliance acceptabie source impact level analysis using dispersion modeling the potential to release toxic sir pollutants. SW-9. SS4. DR-1

to estimate maiimum incremental ambient impact of each Class A SS-8, SS-10 HR-1
or B toxic air pollutant. Establishes numerical lisits for small
quantity emission rates.

Hazardous Waste Management Act of 70.105 RCW Establishes a statewide framework for the planning, regulation,
1976, as amended in 1980 and 1983 control, and management of hazardous waste.

Dangerous Waste Regulations WAC 173-303 Establishes the design, operation, and monitoring requirements Applicable if dangerous or extremely All BC-1
for managementofhazardous waste. Includes requirements for hazardous waste is generated and/or DR-1
generators of dangerous waste. Dangerous waste includes the full managed during remedial action. HR-I
universe of wastes regulated by WAC 173-303, including
extremely hazardous waste.

*No action and isutuional control alternauves are not cousadered.--
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Table C-2. Potential State ARARs.

Description Citation T Requirements Remarks Altetratives Operable
Potentially Unit

IL Ds~ipio.Affecued* Affected
Waste Designtist WAC 173-303-070. 071. 080. 082. Exceeds federal RCRA program by reQuiring desienatiss of waste Appleable if retedatio wases, based on nros Al! BC-I

090. 100, 110 including additiotal parameters (i.e., toxicity, persistence, And knsowledge/andlysis exceed she parameters. DR-1
carcisogenicity), additional listed wastes, and PCBs. [ HR-1

Land Disposa Resmicne WAC 173-303-14E) Send, LDR reqiraments exceed the federal requirrmats fo, Applicable ff remediation wastes mecet additional All BC-1
sorasioiogBet euemectscprmzarusss organic. aras u a au categarnes. DR-i

acid wastes. HR-1
Model Toxws Control Acl 70.105D RCW Authorizes the state to inveatigase releases of hazarduns substances,

conduct remedial actions, carry out state prograns autlorizd by federal
cleanup laws, and take other actions.

Hazardous Waste Cleanup WAC 173-340 Addresses releases of hazardous substances caused by past activities and Applicable to facilities where dazardous substances Al BC-1
Reguasions potential and ongoing releases rons current artvcs. have beens released, or here ia a threatened rclesc ia; DR-

tomay pose a Irea to nans health or the envsron'ment. HR-1
Sccesior of Ciearups A-csios WAC 173-34 3 {4a J ustsnes terarchy of coossderasion betore nelectac clea. process. Must be considered durg comparative analysis sf All BC-1

remsesial astetaves- DR-I
HR-i

Cleanup Actions WAC 173-340-40 Ensures that the cleanup action is designed, constracted, and operated in Cieanup must follow remedial design document and All BC-t
accordance wt rise cieanun lan a dt bttersecited rea remetta remedial action work plan- DR

HR-i
ussor coss A - , u-1u kequires pnyssca mesures-. sen as lences t signs o arns isysica mseasures tras be appmable i nstitutioal SW-2,SW-3, BC-1

nterference with cleanup, controls are used. SW-4.iW-7. DR-I
SW-9.SS-, HR-i

ss-8,s-10
h d yste Managemcnt Ac 70,95 RCW Establishes a statewide ssram io [s id waste .t.ndin recover. t

M um Fucal sadards AC 173.3( Establishes requee s Cor met statewide so adi li solid wae. Applicable if management solid waste occurs during All BC-1
for Soid Waste ltandig . remediation. Solid waste controlled by this Act DR-1

mcludes garbage, mdustral waste, constriction wase, HJR-1

ashes, and swill.
(nsite Containerized Storage, WAC 173-304-2W Sets requireme s for cotainers and vehicles to be used on site. Applicable if coniainers ate sad during remnediation All BC-l
Collection, and Transponain DR-1
Standards HR-1

Water Polluion Control Ace 91.48 RCW Prohibits discharge of polluting matter in waters.

State Waste Discharge Permit WAC 173-216 Requires the use of all known available and reasonable methods of Applicable for any discharges of liquids to the ground. All BC-I
Program prevention, control, and treatment, DR-1

HR-1
Corrective Action Mnagecmest 173-303-646(4) Autlorizes designation of a corrective ation tanagement unit, which May be used if dangerous waste not meeting LDR SS-4, SW-4, BC-1
Unit (CAMU) does not constitute land disposal of dangerous waste. standards is placed in the disposal/facility. SS-10, SW-9

*No action and istitutional control alternatives are not considered.
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Table C-2. Potential State ARARs.
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Description Citation Requirements Remarks Alternatives Operable
Potentially Unt
Affected* Affected

Water Well Construction Act 18.104 RCW

Standards for WAC 173-160 Establishes minimum standards for design. Applicable if water suppy SW SW- BC-I
Construction and construction, capping, and sealing of all wells; sets monitoring wells, or other wells are 3, SW-7, DR-1
Maintenance of Wells additional requirements, including disinfection of used during remediation. SS-2, SS-3. HR-i

equipment, abandonment of wells, and quality of SS-8
drilling water.

*No action and institutional control alternatives arc not considered.



Table C-3. Potential To Be Considered Requirements.

Description Citation Requirements Remarks Alternatives I Operable
Potentially Unit
Attected* Affected

Benton Clean Air Authority Regulation 1. Article 8 Establishes regulations relative to asbestos. Must be considered if asbestos is All BC-1
found during remediation. DR-I

HR- I

A Guide on Remedial Actions at
Superfund Sites with PCB
Contamination

U.S. Dlpartminu t of Energy
Orders

Radiation Proejion f the
Public and the Env'iresncnt

Radiation Dose Limi (Ali
Pathways)

EPA Directive 9355-.4-
0 iFS

DOE 540U.i

DOE 5400.5. Chapter II,
Section la

Provides a general framework to determine cleanup
levels, identify treatment options, and assess necessary
management controls for residuals of PCBs.

DOE Orders are mandatory comractor requirements at
DOE facilities.

Establishes radiation protection standards for the public
and environimeni.

The exposure of the public to radiation sources as a
consequence of all routine DOE activities shall not
cause, in a year, an effective dose equivalent greater

under specilied circumstances

Must be considered if PCBs are
found during remediation.

This Order will be replaced with
10 CFR 834 when it is promulgated.

If remedial activities are considered
.routine DOE activities." this order
would be relevant and appropriate.

All

All

S.
:d.

BC-1
DR-I
HR-1

BC-I
DR-i
HR-I 0
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Table C-3. Potential To Be Considered Requirements. (page 2 of 2)

Description

Residual Radionuclides in
Soil

NRC Draft Radiological
Criteria for
Decommissioning

Citation

DOl 5400.5 Chapter IV
Section 4a

10 CFR Part 20 (proposed
revision, I

Rcquircments

Generic guidelines for radium-226 and radiurn-228 are as
follows:

* 5 pCi/g averaged over the first 15 enm of soil below the
surface

* 15 pCi/g averaged over 15-cm-thick layers of soil more
than 15 cm below the surface.

ijuuicli jur rcsiuuas concentrations of radionuclides other
than Radium-226 must be derived from the basic dose limits
by an environmental pathway analysis using specific property
data where available. Procedures for these deviations are
given in "A Manual for Implementing Residual Radioactive
material Guidelines" (DOFJCII-8901). iL addition, residuals
must also meet "authorized" limits that mav (and undoubtedly
will) be lower than the concentrations derived form the basic
, huits (DOF 5400 T R7c i'r' 5 irocd*, f.'
determination of "hot spots. " 'hot-spot cleanup limits," and
residual concentration guidelines for mixtures are in
DOE/CH-8901. Residual radioctive materials above the
Euideines must ue controlted to the required levels in 5401. ,

Chaptcr II and Chapter IV.

Tis rule provides a clear and consistent regulatory basis to
determine the extent to which lands and structures must be
remediated before a site can be considered decommissioned.
The primary goal is to return the site to levels approximately
background. Indistinguishable from background is defined as
no more than 3 mremlyear over background. The limit would
be 15 mirem/year over background.

Remarks

Residual concentrations of
radioactive material in soil are
defined as those in excess of
background concentrations
averaged over an area of 100 in

2 .

This order must be considered for
residual radionuclide in soils,
dependent upon land use
decisions.

This will be applicable upon
promulgation

Radioactive Waste DO Order 5820.2A Defines waste designation for TRU, high- and low-level waste This DOE Order is being All BC-I
Management and establishes generator criteria. extensively revised as 5820.2B DR-I

HR-1
Draft Department of 10 CFR 834 Additional requirements above 5400.5 that are more Will replace 5400.5. All BC-I
Energy Radiation prescriptive. DR-1
Protection of the Public HR-I
and the Environment

*No action and institutional control alternatives are not considered.

Alternativcs
Potential!,y
Affected*

All

All

Operable
Unit

Affected

BC-1
DR-I

BC-1
DR-!
HR-1
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Table C-3. Potential To Be Considered Requirements.

Description Citation

Hanford Reach Study Act L. 100-605

Wild and Scenic Rivers Act 1U.S.C. 1271

Requirements

Provides for a comprehensive river conservation
study. Prohibits the construction of any dam, channel,
or navigation project by a federal agency for 6 years
after enactment. New federal and nonfederal projects
and activities are required, to the extent practicable, to
minimize direct and adverse effects on the values for
which the river is under study and to use existing
structures.

Prohibits federal agencies from recommnending
authorization of any water resource project that would
have a direct and adverse effect on the values for
which a river was designated as a wild and sceric
river or included as a study area.

-No* action 11 *nd. III rn - .uussderd.

Remarks

This law was enacted November 4,
1988.

Alternatives
Potentially
Affected*

All

Operable
Unit

Affected

BC-I
DR-]
HR-I

lie hantord Reach of the Columbia SW-3, SW- BC-1
Rivet is under studv or mlusson a, 4. SW-7. DR- I
a wild and scenic nver. SW-9. SS-3, hR-I

SS-4. SS-8,
SS-10.
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Table C-3. Potential To Be Considered Requirements.

Description Citation Requirements Remarks Alternatives Operable
Iotenalls Unit
Aiicctcd* Alteted

culuton Clean Air Authority Regulation 1, Article 5 Establishes a regional program for open burning. These county regulations are authorized All BC-1
by the state Clean Air Act. DR-1

I ~HR.:
Residual Radioactive Material as U.S. NRC Regulatory Guide Sets contamination guidelines release cquipmentand building Dependent upon land ase decisions, this D&D BC-1
Surface Contamination 1.86 components for unrestricted use, and if buildings are demolished, guide may be considered. Facilities DR-1

shall not be exceeded for contamination in the ground. HR-1

Fish wid Widhfe Cb.rdinotion Act It, ' ci seq This Act ensures that wildlife conservation is given equal While the recommendations by the All BC-1
consideration with other valu-e durig she planming of accvitics that USIWS are not legaly bnding, DOE is DR-1
affect water scsources. The Act auttsonzes the Secretar, of the required to give them fill lioidenstien IJP-3
Interior to provide assistance to federal, state, and public or private
agencies in the 'development, protection, rearing, and stocking of
al species of wdluie, resources therect, and their babitst... . The
Act also requires a consultatio with the U.S. Fish and Wildle
Service (USFWS) when a federal agency plans to impound, or
dcepen, or otherwise modify a body of water.

Executive Orders EF0 11990 IThis Fxeeuttve Order reorsires that ,ch Ifdel qrenea " V deeenorothrwse odfy- bus f wte---___ -- _

sroccuon or wcuands action to minimize the destruction, loss, or degradation of wetlands may impact wetlanid area. DR
and to preserve and enhance e ,namr1d bncflcial
wetlads in carrying out the agency's responsibilities for (1)
acquiring, managing, ad disposing of Federal lands and facilities;
and f2) providing Federally undertaken, finance, or assisted
constriction and improvements; and (3) conducting Federal

f activities and programs affecting land use. including but not limited I
to, water and related land resources planning, regulating, and
licensing activities. "

Floodplain Management EO 11988 This Order requires federal agencies to take floodplain ImanageIsent Must be considered if actions are taken All BC-I
into account when formulating or evaluating water or land use within a floodplain. DR-i
plans. The Order specifies that "..each agency shall.. restore and HR-I
reserve the natural and beneficial values served by floodplains in
carrying out its responsibilities for (1) acquiring, managing, and
disposing of Federal lands and facilities; (2) providing Federally
undertaken, financial, or asaisted constrnction and improvements;
and (3) conducing Federal activities and programs affecting land
use, and licensing conducting activities.

Protection and Enhancement of the EQ 11593 Provides direction to federal agencies to preserve, restore, and Pertains to stes, struetures, and objects All BC-I
Cultural Environment maintain cultural resources. of historical, archeological, or DR-1

architectural significance. HR-1

*No action and institutional control alternatives are not considered.
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Table C-3. Potential To Be Considered Requirements

Description Citation Requirements Remarks Alternatives Operable
Potentially Upit
Alfected* Affected

Exotic Organisms EO 11987 This Order requires Federal agencies to restrict, to the Must be considered during All BC-i
extent possible, the introduction of exotic species into the revegetauion. DR-I
lands or waters that they own, lease. or hold for purposes IIR- i
of administration. It also restricts the use of Federal funds
and programs for importation and introduction of exotic
species.

L.S. Department of Energy DOE Orders are mandatory contractor requirements at

Orders DOE facilities.

Discharge ieauntL ys-c- DOE D4. xy i treatment systems shall be designed to allow operators to Required ot all DOE-controlled SW-7. SW- BC-I
Effluentdetect and quantify unplanned releases of radionuclides. lacilities where radionuclides might 9. MS-8. SS- DR-I

consistent with the potential for ott-property impact be released as a consequence of an 10 fIR- 1

- unptanned event.
Safety Reouiciment for the DOE 54S0 S.n ,> Establishes requirements for packaging and transponation Requirements must be met if SW-4. SW- BC
iacKaging Or tssie and Other and 8 of radioactive materials for DOE facilities. radioactive material is packaged and 9, SS-4. SS- DR-t

Radioactive Waste DO it0 2A rAr r Establishes not iwiO and guidelines Iy ;hi D0 n ors.....g:. i++.+ 7c
Management Ill and IV radioactive waste, waste byproducts. and radioactive radioactive waste created by DR-

contaminaed surplus facilities. Disposal shall be on the remediation activities. R
site at which it was generated, if practicai. or at another

< lacitoy 1)1 waste comotmimsg hyproduct taterMi
shall be stored, stabilized in place, and/or disposed of
consistent with the requirements of the residual radioactive
material guidelita, coarained it, 46 CFR 192.

Department of Ecolo y Liquid DE 91NM-177 Requires discharges of liquid efflun, to the sil 1rionut to Must be considered if discharges of SW 9. SS-8. BC-1
Effluent Cosnt Order be eliminated, treated, or otherwise minimized. liquid effluent to the soil column are SS-10 DR- I

part of the remedial alternative. HR-i

Tri-Party Agreement Establishes requirements, guidelines, and schedules for the Must be adhered to and complied All BC-I
environmental restoration program at the Hanford Site. with by all parties with regard to DR-I

remedial actions at all operable HR-I
units.

Radiation Protection for DOE 5480.11 Establishes radiation worker protection from ionizing Required at DOE facilities and pan All BC-I
Occupational Workers radiation at DOE and DOE contractor operations. of ALARA policy. DR-1

HR-I
*No action and institutional control alternatsves are not considered.
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EXECUTIVI SUMMARY

This Sensitivity Analysis is included is as appendix to the 100 Area Source Operable
Unit Focused Feasibility Study (FFS) (DOERL- 1994). and was performed to determine how
different potential future exposure scenarios might impact the baseline alternatives evaluations
presented in the Process Document.

The remedial action objectives for ihe FF 8 were based on an assumed future exposure
scenario described by remediation of soils to ;upport occasional use (e.g., recreational use) of the
land surface and frequent use of groundwater (i.e , Safe Drinking Water Act Maximum
Contaminant Levels [MCL]), During review of the Process Document, the U.S. Department of
Energy (DOE), the U.S. Environmental P rote :tion Agency (EPA), and the Washington State
Department of Ecology (Ecology) determinec thit additional exposure scenarios should be
considered. The Sensitivity Analysis was per fortned to address this need, as well as two
secondary issues. The Sensitivity Analysis objectives were as follows:

- Identify the impacts of other e posure scenarios on Ihe baseline evaluation of
alternatives presented in the Pi ocess Document

- Identify the impacts of changii g the target risk for each scenario from 1 -6 to 1 4

- Evaluate the potential impacts .f considering different exposure pathways in
development of remediation goals for each exposure scenario.

During Tri-Party negotiations in Janu:ry tnd February of 1995 (following preparation
and review of the initial draft of this sensitivity analysis), a new land use and remediation
scenario emerged and was developed by the 'I ri-Parties. The revised frequent-use scenario is
intended to support unrestricted future land use. At the time this new concept was introduced,
the majority of the FFS documentation had been developed and reviewed by the Tri-Parties.
Consequently, consideration and analysis of the nCw scenario is addressed in a separate
attachment to this document (Attachment 6).

ES.1 POTENTIAL FUTURE EXPOSURE SCENARIO ANALYSIS

Five exposure scenarios werc addresse 1 in the main body of the original Sensitivity
Analysis:

- Baseline - remediation of soils to support occasional use of the land surface and
frequent use of groundwater

- Occasional-use - remediation of soils to support both occasional use of the land
surface and groundwater.

- Frequent-use - remediation of soils to support both frequent use of the land
surface and groundwater.

D-'
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- Modified frequent-use - remediation of soils to support frequent-use of land
surface with no use of ground water.

- Complete excavation - near total removal to support frequent-use at all depths
above groundwater.

The new remediation scenario is based on the Washington State Model Toxics Control
Act (MTCA) Method B (WAC 173-340, 1992) residential cleanup levels for organic and
inorganic contaminants, and the EPA/Nuclear Rcgulatory Commission proposed 15 mrem/yr
dose above background for radionuclide contaminants Because of the similarities with the
frequent-use scenario, the new scenario will bereafter be referred to as the "revised frequent-use
scenario".

With the exception of the revised frequent-use scenario, preliminary remediation goals
(PRG) were developed for each of the exposure scenarios. Because of similarities that exist
between waste sites in the 100 Area, four representative waste sites were selected to streamline
the evaluation. The four waste site types chosen cover a range of sizes (based on projected
lateral dimensions) from small to large. Wasie volumes requiring remediation were computed
for each of the four representative sites for each of the five original scenarios. Results were
extrapolated to the entire 100 Area by grouping 100 Area waste sites based on which of the four
representative waste sites they matched best. Based on the computed excavation, treatment, and
disposal volumes, costs were estimated for each scenario (area-wide estimates). Estimated
volumes and costs, and the analysis of the revise frequent-use scenario are presented in
Attachment 6.

ES.2. SCENARIO EVALUATION

The results of the Sensitivity Analysis indicate that the selection of exposure scenario can
have a considerable impact on total remediation xolumes and costs. For summary purposes, the
100 Area-wide estimates of volumes and costs have been used in the discussion below.

The volumes and costs for the modifie I frequent-use scenario are assumed to represent
the revised frequent-use scenario. The revise( frequent-tise scenario is based on an essentially
residential land surface use scenario coupled with a revised groundwater model that potentially
requires less excavation. A more detailed dis uss on is provided in Attachment 6.

The Sensitivity Analysis indicates that the occasional-use scenario results in the lowest
CV, approximately 2,900,000 m' (10,200,000 ft') This CV is over 1,000,000 m3 (3,500,000 ft3)
less (27%) than the baseline scenario, which hid CV of nearly 4,000,000 m (141,000,000 ftb).
The exposure scenario, with the second lowest C\ is the modified frequent-use scenario (or
revised frequent-use scenario), which results it ower 600,000 m (21,000,000 ft3) less CV than
the baseline scenario. The frequent-use scenario I ad only a slightly larger CV than the baseline
scenario. The complete excavation scenario hd tme largest CV, nearly 4,900,000 m
(1,730,000,000 ft3). Excavation volime is dependent on CV, and therefore, exhibits similar
sensitivities to changes in the exposure scenari >; however, the scenarios with the greatest extent
of excavation (e.g., complete excavation) resul in a disproportionate increase in excavation
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volume relative to contaminated soil volume. Ti at :s, the ratio of EV over contaminated soil
volume increases as more conservative PRG ire :onsidered,

The cost analysis indicates that waste disposal is the primary component of both the RD
and RTD costs. Because disposal cost is proport onal to volume, the cost sensitivity was similar
to the volume sensitivity. In addition, the R1 D cost varied in a similar manner as the RD costs;
therefore, the following discussion is based ovi orly the R D costs. The exposure scenario
resulting in the least cost was the occasional- ise .cenario. with an estimated total cost of nearly
$1.7 billion. Although this cost was only 22% less than the base case baseline scenario, the cost
difference amounts to nearly $500 million. T-ie modified frequent-use scenario (and revised
frequent-use scenario) had a cost slightly larger than the occasional-use scenario. The third
ranked exposure scenario was the baseline secnarno with an estimated cost of over $2.1 billion.
The frequent-use scenario costs were slightly targer than the baseline scenario (approximately
$70 million more). Similar to the volume comparison, the complete excavation scenario results
in the highest remediation cost of over $3 billion. This estimated cost is $900 million more than
the estimated cost of the baseline scenario and $1 4 billion more than the cost of the occasional-
use scenario.

The 100 Area costs for the Containmeit Alternative were also estimated. The
Containment Alternative was analyzed under rhe baseline and occasional-use scenarios because
the alternative is generally inconsistent with u restricted or frequent-type uses. Under the
baseline scenario, the 100 Area costs for contcinn ent were nearly the same as for RD and were
lest then the RTD Alternatives. Under the oct asional-use scenario, the containment cost was
significantly more than the RD and RTD Alte nat ves.

ES.3 TARGET RISK

The FFS, occasional-use, frequent-use. and modified frequent-use exposure scenarios
were evaluated for changes in target risk level: (i.e., 10' versus 106). ( The complete excavation
scenario was not evaluated for sensitivity to clanges in target risk because this scenario was
developed and analyzed as a bounding conditii n based on a target risk of 10'. The revised
frequent-use scenario is based on remediation evels that are either prescribed or proposed by
regulations. Therefore, changes in target risk were not analyzed.

For the FFS, occasional-use, and frequt nt-use scenarios, the protection of groundwater
PRGs were the limiting criteria that define the depth of contamination removal. Because of this,
these scenarios are unaffected by changes in ta-get risk. Likewise, the 4.5 m (15 ft) maximum
excavation limit associated with the modified I requent-use scenario minimizes the effect of
changing target risk. The remediation costs an I volumes for the four representative sites were
not sensitive to changes in target risk.

ES.4 PATHWAY ASSESSMENT

The Process Document, 100 Area opera ble unit-specific FFSs, and related qualitative risk
assessments rely on a subset of exposure pathwNays to assess risk and develop PRGs. This subset
includes soil ingestion, inhalation of fugitive dust or volatiles, and external exposure from
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radionuclides in soil. A full baseline risk ass.:ssrnent usually considers additional exposure
pathways, such as consumption of homegrow n produce, ingestion of sediments, and dermal
contact with water. This report includes an a ;sessment of whether risk levels vary significantly
when a full set of exposure pathways are considered in lieu of the selected subset of pathways.

The findings of the pathway assessment indicated that risk and human health PRG are
generally not sensitive to the differences between a subset and a full set of exposure pathways.
There are no significant differences between -he pre or postremediation risks for the subset of
pathways or full set of pathways. In those few cases where the full set of pathways indicate
potential increases in preremediation risk, the risk is mitigated by remediation to the human
health PRG derived from the subset of exposure pathways. Based on the findings of the pathway
assessment, no chnge is recommended for te current exposure pathway approach used in the
Process Document and the 100 Area operable unit-specific FFS documents.

The points of compliance for IRM am final remediation have not yet been established;
therefore, assumptions were made in the Sensitivity Analysis for each exposure scenario. For
example, all scenarios assume that ambient water quality criteria in the Columbia River (the
assumed point of compliance) would not be e <ceeded. Another assumption for some scenarios is
that groundwater is currently suitable for drinking water, and therefore, remediation of the soils
should be based on protection of that pristine -esource. In reality, the groundwater has already
been impacted beneath most of the waste site:.
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ACBONYMS

ABS
ALARA
ARAR
BCF
CERCLA
COPC
CRDL
CRQL
CV
DOE
DOH
Ecology
EIS
EPA
ERDF
EV
FFS
HSRAM
ICR
IRIS
IRM
LDR
LFI
MCACES
MCL
MTCA
NEPA
PRG
QRA
RA
RAO
RAPS
RD
ROD
RTD
SIS
TCV
TEV
Tri-Party

Agreement
USLE

dermal absorption factor from soil
as low as reasonably achievablk
applicable or relevant and appropri;te requirements
bioconcentration factor
Comprehensive Environmental Response, Compensation, and Liability Act
contaminants of potential conca rn
contract required detection limi s
contract required quantitation liinit
contamination volume
U.S. Department of Energy
Washington State Department ( f Health
Washington State Department cf Ecology
environmental impact statemen
U.S. Environmental Protection \gcncy
Environmental Restoration Disposal Facility
excavation volume
Focused Feasibility Study
Hanford Site Risk Assessment Methodology
incremental cancer risks
Integrated Risk Information Sys ten
interim remedial measure
land disposal restrictions
Limited Field Investigation
micro computer assisted cost es imating system
maximum contaminant level
State of Washington Model Tox.cs (ontrol Act
National Environmental Policy 4ct
preliminary remediation goals
qualitative risk assessment
remedial action
remedial action objective
remedial action priority system
Remove and Dispose
record of decision
Remove/Treat/Dispose
site insensitive scenario
total contaminated volume
total excavation volume
Hanford Federal Facility Agree ne.t and Consent Order

universal soil loss equation
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1.0 INTRODUCTION

This report is one of the main elemen's or'the 100 Area Source Operable Unit Focused
Feasibility Study (DOE-RL 1994b). As an appendix to DOE-RL 1994b, this report further
develops the FFS analyses to show the potenvial impacts of additional exposure scenarios beyond
the single scenario presented in the Process Document and the 100-BC-1, 100-DR-1, and
100-HR-1 Operable Unit Specific appendices

1.1 BACKGROUND

The Process Document and the operable unit-specific FFS reports are based on a single
set of RAO. Remedial action objectives are media-specific or operable unit-specific objectives
to protect human health and the environment. The RAO specified the COPC for the media of
interest, exposure pathways, and PRG so that an appropriate range of waste site management
options could be developed for analysis. Dev elopment of RAO was based on consideration of
COPC, ARARs, and potential future uses of the 100 Area.

For the purposes of conducting the FF S, an exposure scenario that included occasional
use of the land and frequent use of the groundwater was selected. The hypothetical receptors,
exposure pathways, and points of compliance used in the Process Document were taken from
those described in the Hanford Site Risk A ssesm 'nt Methodology (DOE-RL 1995). The
pathways selected (ingestion, inhalation, and sxternat radiation) are a subset of all the possible
pathways identified in DOI-RL (1995) and aie consistent with the Tri-Party Agreement
instructions relative to pathway selection (DO E-FL 1905).

During the review period for the Proc :ss Document and operable unit-specific FFS
appendices, the DOE, EPA, Ecology determined that additional exposure scenarios should be
examined as part of the FFS for the 100 Area ;ource operable units. The development of
additional scenarios was deemed necessary fo the following reasons:

There is currently no future land use policy for the 100 Area. While residential use may
be appropriately conservative, it is recugnized that other scenarios should be considered
pending development of a land use poltey

The Hanford Future Site Uses Workin> Gb oup, which represents a wide spectrum of
public interests, has advocated cleanup criteria that would allow for generally
"unrestricted use" of the 100 Area (DG)E-EL 1992).

Selecting a specific exposure scenario rnplies commitments on specific land uses and
groundwater uses (decisions that cannot be made at this time). Analyzing several exposure
scenarios provides a basis to consider a range (f rUmediation alternatives. The exposure scenario
discussed in the Process Document provides a baseline for the assessment of these other
exposure scenarios. This appendix looks at se seral exposure scenarios in order to provide a
better understanding of the changes that may c scr in interim remedial measures if the selected
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exposure scenario were changed. This repor was prepared to present the potential impacts
(especially remediation areas, volumes, and osts) associated with different exposure scenarios.

1.2 PURPOSE AND SCOPE

The general purpose of this report is to extend the scope of the Process Document to
address additional exposure scenarios, representing potential future uses of the 100 Area. The
primary objective of the sensitivity analysis is to identify the sensitivity of the analyses
(especially volumes and costs) presented in te I rocess Document to:

- Changes in potential future exposure ;cenarios

- Changes in target risk

- Changes in the exposure pathways

Each of these elements is introduced in the following paragraphs.

1.2.1 Exposure Scenarios

In addition to the baseline scenario, this report evaluates four other potential exposure
scenarios. Each exposure scenario is defined by land surface use and groundwater use
components. Land surface use provides a basis to establish RAO for soils so that potential risks
associated with exposure to these soils (e.g., through direct contact, incidental ingestion, external
radiation) are controlled. Groundwater use piovides a basis for RAO so that potential risks
associated with exposure to groundwater (e.g through ingestion) are controlled. Groundwater
use has a relationship to source operable units because vadose zone soils must be remediated to
levels that do not result in unacceptable leaching of contaminants into groundwater. More
detailed descriptions of each exposure scenario are included in Section 2.0. The five scenarios
are summarized below:

- Baseline: Corresponds to the scenario applied as the basis of the FFS. Remediation of
Remediation of soils to support occasional-use of land and frequent-use of groundwater.

- Occasional-Use: Corresponds to renediation of soils to support occasional-use of land
and occasional-use of groundwater.

- Frequent-Use: Corresponds to remeditioo of soils to support frequent-use of land and
frequent-use of groundwater.

. Modified Frequent-Use: Corresponds -o frequent-use of land and obtaining drinking
water from a source other than local gr )undwater.

.)1-2
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Complete Excavation: Corresponds to mear total removal of contaminated soils based on
106 target risk frequent-use of all soils above water table. Protection of groundwater is
not assumed because it is inherent in complete source removal.

The term "occasional-use" implies a liniited duration exposure to the media of interest,
such as seven 24-hour days of recreational type ust per year. The term "frequent-use" implies a
more unrestricted exposure to the media of interest, such as exposure to the media of interest 365
days out of the year.

This report assesses areas, volumes, costs, and other factors for each scenario, compares
the scenarios, and finally presents results and conclusions.

1.2.2 Target Risk

The EPA has identified a target risk ran4e of 10' to 106 for the Comprehensive
Environmental Response, Compensation, and i iability Act (CERCLA) program
(40 CFR 300.430 (e)(2). The risk evaluation described in the Process Document and the
operable unit-specific FFS are based on a target risk of 10'. This report includes an assessment
of the impact of changing the target risk from 1-1 to 106 for the first four scenarios listed. This
assessment was not performed for the complete excavation scenario because the remediation goal
is based on frequent-use (10') for all depths.

1.2.3 Pathway Assessment

This report includes an assessment of the various exposure pathways that contribute to
overall risk, and compares the pathways to determine which have the most impact on increasing
risk levels. The pathway assessment offers informat ion for decision makers regarding the relative
contribution to total risk of various exposure routes (e.g., ingestion, inhalation, and external
radiation) versus the entire set of possible pathways described in the DOE-RL 1995.

1.3 APPROACH

This report expands on the analyses presented in the Process Document by showing the
potential impacts of assuming other exposure scenarios. As such, and in keeping with standard
CERCLA feasibility study methodology, the PF G developed and used in this report do not
constitute final remediation goals. The development of ultimate cleanup levels was not
addressed in this report. The final remediation toak for 100 Area IRMs will be developed by
DOE, EPA. and Ecology in conjunction with development of IRM proposed plans, public
comment on Proposed Plans, and RODs.

To achieve the scope and purpose of this report, four types of waste sites were selected as
representative waste sites in the 100 Area. Thes: representative sites were evaluated individually
and in detail, and the results were extended acro ;s the 100 Area. This methodology allows this
report to focus on specific objectives at a level of detail consistent with the level of site
knowledge.
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Each of the four representative waste sites was evaluated for Containment, RD, and RTD
Alternatives developed in the Process Document. Because In Situ Treatment is applicable only
at limited depths and the surface area requiring treatment is proportional to the surface area for
the Containment Alternative, the analysis results from examining the Containment Alternative
will be used to estimate the impacts to the In Situ Treatment Alternative.

The PRG developed in this report wei e calculated using the same methodology as in the
Process Document. Exposure scenario specific PRG were developed for both land surface use
and a groundwater use. Land surface use PRi A cre developed based on a 106 target risk.
Groundwater use PRG were developed through application of the Summers Method Analytical
Model using MCLs for drinking water as the arget cleanup levels for groundwater. Appendix A
of the Process Document contains a more dettiled description of this analytical method.

1.4 ORGANIZATION OF REPORT

Below is a summary of Sections 2.0 tI rough 5.0 of this report.

- Section 2.0, "Basis for Analysis," defines the exposure scenarios addressed in this report,
documents the methodology for calcul ating the PRG for each scenario, and includes the
results of the assessments of the relatil e iimportance of different exposure pathways and
changing target risk level.

- Section 3.0, "Methodology and Result," describes the methodology to develop waste
area and volume estimates and associated remediation costs, and describes the
methodology for extension of the calculations to provide a 100 Area-wide assessment of
the impacts of different exposure scenarios.

- Section 4.0, "Comparative Analysis of Exposure Scenarios," evaluates each exposure
scenario against specific criteria relativr to the baseline scenario.

- Section 5.0, "Conclusions," summarize; findings and makes recommendations.

1 1-4
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2.0 BASIS FOR ANALYSIS

This section describes the exposure s :enarios evaluated in this report, presents the PRG
associated with each exposure scenario, sum:narizes the remediation alternatives, and
summarizes the pathway and target risk asse sn int.

2.1 DEFINITION OF EXPOSURE SCEN 4 0RIOS

The exposure scenarios discussed in 1 .is teport were introduced briefly in Section 1.0.
Table 2-1 and the following sections describ thc scenarios in more detail. For convenience, the
scenario analyzed in the Process Document and operable unit-specific FFS appendices is also
summarized. The scenario descriptions referncc the terms "occasional-use" and "frequent-use."
The term "occasional-use" implies a limited duration exposure to the media of interest, such as
seven 24-hour days of recreational type use per year. The term "frequent-use" implies a more
unrestricted exposure to the media of interest such as exposure to the media of interest 365 days
out of the year.

Each potential 100 Area exposure sce jari> is defined by the following two components:

- Land Surface Use - Remedial action ebjectives established for soils in the vadose zone so
that potential risks associated with exposure to these soils are controlled.

- Groundwater Use - Remedial action o jectives established so that potential risks
associated with exposure to groundwaier and the future protection of groundwater
resources are controlled. To protect g: owtdwater, soils would be remediated to levels
that do not result in unacceptable leacing of contaninants to groundwater.

2.1.1 Baseline Scenario

The baseline scenario currently serves as the basis for the Process Document and the
operable unit-specific FFSs. The baseline scenario also serves as the "base case" scenario for the
Sensitivity Analysis (i.e., in this report the effects of changing exposure scenarios are expressed
relative to those associated with the baseline s ,enario).

The baseline scenario is based on the assumption that land surface use in the 100 Area
would consist of occasional uses of the land in thc depth zone of 0 to 3 m (0 to 10 ft). As
discussed in Appendix A of the Process Document, three potential receptors in the 0 to 3 m
(0 to 10 ft) zone are considered: humans in thu first meter (3 ft); animals (pocket mouse) in the
first two meters (6.5 ft); and plants iii the first 3 m (10 ft) In the FFS, the protection of human
health concentrations are used as substitutes fur the ecological receptors in the 0 to 3 m (0-10 f)
depth range. A more detailed explanation is provided in Section 2.5.2 of the Process Document.
The second component of this scenario, groundwater use, assumes that groundwater would be
restored to levels consistent with the federal MCL (drinking water quality). The latter
assumption was applied to all soils in the vado e zone (i.e.. regardless of depth). This influences
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soil cleanup by requiring that contaminated soils be remediated to levels so that residual
contaminants remaining in the soil do not leach downward causing an exceedance of drinking
water standards.

2.1.2 Occasional-Use Scenario

The occasional-use scenario is based on the assumption that both land surface use and
groundwater use in the 100 Area is consistent with occasional uses of the land and groundwater.
The protection of land surface use is considersd in the 0 to 3 m (0 to 10 ft) depth zone (as in the
baseline scewirio) and protection of groundxvatei use is considered in the entire vadose zone.
The exposure pathways and exposure duration assumptions for land surface use are identical to
those made for the baseline scenario. Howevr, the soil concentrations calculated for protection
of groundwater for the occasional-use scenari. are different from the baseline scenario.
Specifically, the soil concentrations required lor protection of groundwater in the occasional-use
scenario have been adjusted in proportion to the difference in exposure durations (intake factors)
between a frequent-use and occasional-use scenario. In the baseline scenario, PRG in soil for
protection of groundwater are based on the as umption that groundwater would be restored to
MCL. The MCL is based on a drinking water intike rate of 2 L/day for 365 days/year.
Protection of groundwater under an occasiona -use scenario is based on an assumption of
occasional-use of groundwater (with an exposare frequency of 7 days per year). The MCL is
multiplied by a factor of 52 (365 days/7 days) to obtain concentrations in water providing
protection of public health equivalent to MCL under an occasional-use scenario. This approach
allows for consideration of an occasional grou ndwater use that is consistent with an occasional
land surface use. It should be noted that appli atiin of this approach to calculating
occasional-use of groundwater is unusual and could be in conflict with ARAR or other technical
risk considerations. Regardless of these short.omings, the scenario is carried forward as an
intermediate scenario.

2.1.3 Frequent-Use Scenario

The frequent-use scenario is based on Irequent use of both land surface and groundwater
in the 100 Area. The land surface use is considered in the depth zone of 0 to 4.5 m (0 to 15 ft)
(based on the MTCA guidance for residential land uses). The groundwater use is considered in
the entire vadose zone. Under the frequent-use scenario, soils in the vadose zone would be
remediated to a level that would allow frequent use of groundwater for drinking water. The soil
concentrations (PRG) required for the protection of groundwater in the frequent-use scenario are
identical to those in the baseline scenario. The frequent-use scenario demonstrates the impacts of
adopting a residential-type use of the land.

2.1.4 Modified Frequent-Use Scenario

This modified frequent-use scenario differs from the scenario described in Section 2.1.3
in that drinking water and garden irrigation water is extracted from the Columbia River and that
groundwater is not used as a source of untreated drinking water or for garden irrigation, The
current point of compliance driving remediation of soils to protect groundwater are the
"near-river" wells. The future point of compliance driving remediation of soils to protect
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groundwater is the Columbia River. This future point of compliance will be based on modeling
of groundwater flow and contaminant transport. The surface land use is considered in the depth
zone of 0 to 4.5 m (0 to 15 ft) (as in the frequent-use scenario). This report does not include
contaminant transport modeling to demonstrate that contaminants left in place would not be
transported to the Columbia River or "near-rih er" wells in concentrations that exceed ambient
water quality criteria. For purposes of this report, it is assumed that sites remediated under the
modified frequent-use scenario would not lea e r sidual contamination in place that would result
in an exceedance of ambient water quality crit-ria at the Columbia River. This scenario provides
an assessment of a frequent use of the land wiih p:ohibitions against consumption or other uses
of the groundwater.

2.1.5 Complete Excavation Scenario

The complete excavation scenario is based on removal of soil and waste in which
contaminant concentrations exceed frequent-u.e P RG (10 target risk) at all depths above water
table. This scenario is included as a bounding condition and represents the most comprehensive
cleanup scenario. Protection of land surface use and groundwater use is achieved by excavating
all soils that exceed the concentrations described above. All soils in the vadose zone are
considered, but protection of groundwater values ire not calculated because the protection of
groundwater is inherent in source removal.

2.2 PRELIMINARY REMEDIATION GOALS

For the purposes of the FFS Process Dc curnent and this appendix, the exposure pathways
used to calculate PRG include direct external e.posure to radiation, ingestion of soil, and
inhalation of dust. The PRG calculated for eac i exposure scenario are described in Table 2-1
using the following steps:

- Allowable contaminant levels are calculated based on pathways, exposure assumptions
(e.g., duration of exposure), target risk (e.g.. 10-6), and an interim action completion date
of 2018.

- For radionuclides, the 2018 allowable contaminant levels are then back-calculated from
2018 to 1992 using radioactivity decay equations. The year 1992 was chosen as the base
date for PRG development because the majority of the LFI data corresponds to 1992.
The Process Document, OU-specific FFSs, and this report follow the same approach.

- For nonradionuclides, the concentration data reported in the LFI and other
characterization studies are unchanged. TIh concentration corresponding to a hazard
quotient of 0.1 is then calculated as input to Table 2- 1 A hazard quotient of 0.1, rather
than 1.0, is used to account for the addit ve effects of individual nonradionuclides.

- The 1992 allowable contaminant levels arre compared against the protection of
groundwater limits derived from MCL a d Ihe Surnmers Model. The lower of the two
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values is then compared to the analy ica detection limits. The lowest number of the
latter comparison is then included as the appropriate PRG.

Five scenario-specific PRG tables are inluded in Attachment 2. A summary of the
scenario-specific PRG is presented in Table 2-2

2.3 REMEDIATION ALTERNATIVI SUMMARY

The alternatives developed in the Jroes:; Documnent were established by the 100 Area
Feasibility Study Phases I and 2 (DOE-RI ' 99'd). The phase 1 and 2 alternative screening
defined potentially applicable general resporze [ctions Ior 100 Area waste sites. In the Process
Document, ahernatives consistent with the ftllowing general response actions were developed as
remediation alternatives:

- No Action

a Institutional Controls

- Containment

a Remove/Dispose

a In Situ Treatment

- Remove/Treat/Dispose.

The No Action Alternative is not affec ted by changes in exposure scenario, and therefore,
is not carried forward in this appendix. The Institutional Controls Alternative was found to be
not applicable to any of the waste site groups n the Process Document, and therefore is not
carried forward in this appendix,

The Containment Alternative is carriec for:ward only for the baseline and occasional-use
scenarios because a Hanford barrier is generaliy inconsistent with unrestricted or frequent-type
uses. In an effort to limit the scope of the Sensitivity Analysis, the In Situ Treatment Alternative
is not specifically carried forward. Like the Contiinrnent Alternative, In Situ Treatment is
generally inconsistent with unrestricted or frequent-type uses. Like the RD and RTD
Alternatives, In Situ Treatment is dependent oi th2 depth and lateral extend of contamination. In
this report, the Containment, RD, and RTD Allernatives are carried forward as surrogates for the
In Situ Treatment Alternative. That is, the sensitivity analysis of the alternatives will be used to
identify the general trends expected for In Situ Tr atment as exposure scenarios are varied.

Both the RD and RTD Alternatives are car-led forward and analyzed as applicable to all
five exposure scenarios.
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2.4 PATHWAY ASSESSMENT SUMMARY

The PRG developed in the 100 Area F S documents are based on a specific subset of the
total number of exposure pathways that could be .onsidered in a risk assessment. This approach
is consistent with DOE (1995) guidance and azreements between the Tri-Parties. However, two
concerns remain:

- Do risks based on a subset of pathway! underestimate human health risk?

- Are the PRG presented in the Process Docrjment protective of human health?

To address these concerns a pathway a isessment was performed to evaluate the impacts
of considering additional exposure pathways. fo iccomplish this objective, human health risks
are calculated using both the subset of exposui e pathways and the full set of exposure pathways
for each of the five exposure scenarios. The r sults from the pathway assessment are used to
determine if the subset of exposure pathways se leted to develop PRG adequately address human
health risks associated with the lull set of exp( sur. pathways.

The pathway assessment is not intende Ito determine if final cleanup criteria should be
developed from a subset of exposure pathways However, a secondary objective of the pathway
assessment identifies a minimum set of expost re pathways that should be considered in
developing final site cleanup criteria. A more lew iled description of the pathway assessment is
provided in Attachment 1.

2.4.1 Exposure Pathway Selections

Guidance for selecting exposure pathw;tys at the Flanford Site is found in the Hanford
Site Risk Assessment Methodology (DOE-RIL 1995). The DOE-RL (1995) is a guidance for
preparation of risk assessments consistent with current regulations and guidance, and the
Tri-Party Agreement. The QRA methodology, presented in Section 5.0 of DOE-RL (1995),
provides additional guidance on selection of ex posure pathways for risk assessments. The QRA
methodology is used to develop PRG for the 100 Area FFS documents.

For the pathway assessment, the "full siT' of pathways comprises the exposure pathways
described in the conceptual model for human e Kposure assessment in DOE-RL (1995)
(Figure 3-4); the subset of pathways comprises the exposure pathways described in the QRA
methodology. The following sections describe how exposure pathway selections are made in
DOE-RL (1995) and in the QRA methodology

2.4.1.1 Exposure Pathway Selections in the Hanford Site Risk Assessment Methodology.
Exposure pathways described in DOE-RI (1995) are considered either primary or secondary
pathways. Primary pathways should be evalua ed quantitatively for a specific scenario (i.e.,
health risks should be calculated for exposures sotentially occurring through primary pathways).
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They are considered the risk-driving pathwavs at hazardous waste sites (DOE 1995) and should
be evaluated for all scenarios. The primary )atlways described in DOE-RL (1995) are:

- Soil ingestion
- Inhalation of fugitive dust or volatiles
- Ingestion of water (either surl ace water or groundwater)

Dermal contact with soil
- External exposure from radionIuc] ides in soil.

Several biota pathways were selected as primary exposure pathways for specific
scenarios. For recreational and residential receptors, the biota pathways that are considered
primary pathways are:

- Consumption of Columbia Ri/er Fish
- Consumption of homegrown produce.

Secondary pathways are those that shoulc be qualitatively evaluated, at a minimum, but
may be quantitatively evaluated based on site characterization, contaminant characteristics, and
contaminant migration. Secondary pathways are

- Ingestion of sediment
- Dermal contact with sediment
- Inhalation of volatilcs from wE ter
S Dermal contact with water.

Secondary pathways are considered in DOE-RL (1995) to potentially contribute less to
overall risks than primary pathways.

2.4.1.2 Exposure Pathway Selections in the Qualitative Risk Assessment Methodology. The
QRA performed for each operable unit evaluates risks for high-priority waste sites using
available site data to support decision-making for IRM. The QRA evaluates health risks for two
exposure scenarios defined as frequent-use and occasional-use. These scenarios use exposure
assumptions that are identical to those presentid fhr the residential and recreational exposure
scenarios defined in DOE-R L (1995). Within the context of the QRA, these exposure
assumptions do not define a particular land-use setting but are used to represent bounding
estimates of potential site risks.

The exposure pathways evaluated in th Q RA are a subset of those described in DOE-RL
(1995). The pathways evaluated in a QRA are

- Soil ingestion
- Inhalation of fugitive dust or voiatiles
- Ingestion of water (either surfacc water or groundwater)
- External exposure from radionu :lides in soil.
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2.4.1.3 Exposure Pathways Evaluated in the Pathway Assessment. The exposure pathways
evaluated in the pathway assessment for each exposure scenario are summarized in Table 2-3.

2.4.2 Pathway Assessment Approach

As discussed previously, one objecti, e o the pathway assessment is to evaluate whether
the subset of exposure pathways used to develop PRG for the FFS are appropriate for addressing
human health risks through all exposure pathways. For some contaminants (such as "Sr), human
health risks may increase when additional exposure pathways are added. However, if
contaminants (such as 90Sr) are not significant contributors to total site risks, then the total site
risk, the treatment volumes and costs, or posirenmediation risks would not be affected by
including additional exposure pathways.

The potential effects of including the idditional exposure pathways on site risks before
and after remediation are addressed using the foliowing steps:

- Develop a methodology to est mae exposures and health risks through each of the
pathways presented in Table 2 -3.

- Estimate total preremediation ;ite risks for the four representative sites based on
the maximum concentrations ( etected.

- Estimate site risks for the four rep -esentative sites based on the maximum
concentrations that would rem tin n soil following excavation (the extent of
excavation would be determined by I'RG developed from the subset of pathways).

Intake factors presented in DOE-RIL ( 99:) were used to estimate exposures and health
risks through each of the pathways (Attachment I). Exposure concentrations in soil were
obtained directly from the sampling and analytical data presented for each representative site.
Exposure concentrations in groundwater potentially associated with leaching of contaminants
from soil were estimated using the Summers Model. Exposure concentrations in surface water
were estimated assuming that both surface rur off and influx of groundwater as migration
pathways. Exposure concentrations in fish an I h megrown produce were estimated from
concentrations in surface water and soil, respe .tively, using transfer factors available in the
literature (see Attachment 1). Health risks we e estimated as incremental cancer risks (ICR)
using slope factors obtained from the EPA. A del illed description of the methodology used to
calculate exposures and health risks is present d in Attachment 1 of this report.

Preremediation ICR were calculated for th. maximum concentrations of contaminants
reported at each depth at each representative site. The ICR for each contaminant at a specific
depth were summed to estimate the total ICR f ir all contaminants detected at that depth.
Preremediation risks were estimated for both the f equent- and occasional-use scenarios and both
the subset and full set of exposure pathways.
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Postremediation ICRs were calculated for the maximum concentrations of contaminants
at each depth at each representative site following excavation. The depth of excavation assumed
was based on a PRG developed from the subset of pathways.

2.4.3 Summary of Pathway Ass essment Results

The findings of the pathway assessmt nt indicate that there is not a significant difference
between the pre or postremediation risks for he subset of pathways or full set of pathways. The
contaminants providing the longest contributons to total site risks included '"Cs, 'Co, 15 2Eu,
154 Eu, 2 26Ra, and 228Th. For 137(-S, 6 Co, 152[ E, 154Eu , the external exposure pathway provide the
largest contribution to total contaminant-spe( fic risks. For 226Ra and 122 Th, the groundwater
ingestion exposure pathway provide the largtst contribution to total contaminant-specific risks.
The external exposure and groundwater inge.t ion pathways are common to both the subset and
full set of exposure pathways; therefore, total site risks is not likely to differ between these two
sets of pathways.

Additionally, where the full set of patiways result in slight differences in risk, the risk is
mitigated by removal of the contaminated soils based on PRG derived from a subset of
pathways. The findings of this report suppor the current approach used for the FFS
documentation.

2.5 TARGET RISK SENSITIVITY EV ALUATION

An integral component of the risk assessient approach is the definition of the target risk
levels used to evaluate risk. Risk evaluations in the Process Document and operable unit-specific
FFS were based on a 10- target risk. The EPA has identified a target risk range of 10' to 106 for
CERCLA risk evaluations. One of the goals of this Sensitivity Analysis report is to assess the
impacts of changing the target risk from 10' and 10-.

For the purposes of FFS evaluation, target risk level is used to establish the land surface
protection PRG. As part of the evaluation prccess, new land surface use PRG were estimated.
The 10' PRG were estimated by increasing the human health PRG established in Section 2.2 by
two orders of magnitude to account for an increase in target risk level from 10' to 10'.
Groundwater protection PRG are derived from the MCL, rather than from a target risk level.
Modification of groundwater protection PRG :o reflect a change in target risk level was not
considered appropriate because MCL. are not based purely on human health risk considerations.

The baseline, occasional-use, frequent-usc, and modified frequent-use exposure scenarios
identified in Section 2.1 were evaluated for changes in target risk levels. The complete
excavation scenario was not evaluated for sensitivity to changes in target risk level because the
scenario was included as a bounding conditiov. For baseline, occasional-use , and frequent-use
scenarios, the groundwater protection PRG wcre found to be the limiting criteria that defined the
depth of contamination removal Depth ofcojitantination for the modified frequent-use scenario
was limited by the 4.5 m (15 ft) maximum excava tion depth criteria for both target risk levels.
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For the RD and RTD Alternatives, volumes and costs associated with remediation are
primarily dependent on the extent of contamination. Therefore, remediation costs and volumes
for the baseline, occasional-use, and frequent-use scenarios are not expected to be sensitive to a
change in target risk from 10-6 to 10' because depth of contamination and excavation is
dependent on protection of groundwater (MCI drivers) instead of target risk. Remediation costs
and volumes for the modified frequent-use scenario are also not expected to be sensitive to
changes to target risk level because the extent of ( ontamination was limited to a predefined depth
of excavation (4.5 m [15 ft]), rather than targel risk. However, sites remediated under a modified
frequent-use scenario that have a depth of conamination less than 4.5 m (15 ft), will be sensitive
to a change in target risk.

In the Process Documeni the containment teclnology is applied to an area which extends
12 m (40 ft) beyond the boundaries of the site Consequently, the Containment Alternative is
dependent more on site geometry than exposu -e scenarios. Changes in target risk would affect
the extent of application of the In Situ Treatme nt Alternative in a similar manner as for the RD
Alternative described above.

Based on this evaluation. the remainin; St nsitiv ity Analysis was performed assuming the
10 target risk level.
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Exposure Definition

Scenario Name Land Surface-Use' Groundwater-Use'

Baseline Exposure Zone: 0 to 10 feet Exposure Zone: Surface to groundwater
Basis: Occasional-use human health PRG Basis: Groundwater protection PRG developed from

MCL using Summers Model

2 Occasional-Use Exposure Zone: 0 to 10 feet Fxposure Zone: Surface to groundwater
Basis: Occasional-use human health PRG Basis: Groundwater protection PRG developed for the

occasional-use scenario based on MLL, Summers
Model, and ratios of intake factors.

3 1Prequent-Use Exposure Zone 0 to !5 feet Exposure Zone: surface to groundwater
11u PIULcCtil ruc viupcu 110U111

MCL using Summers Model

4 Modified Exposure Zone: 0 to 15 feet Exposure Zone: Not applicable
Frequent-Use Basis: Frequent-use human health PRG Basis: Groundwater not used lot human consumption.

Point of compliance set at river.'

5 Complete Exposure Zone: Defined by depth of contamination
Excavation Basis: Frequent-use human health PRG (10- target risk)

Note:
aSurface-use exposures based on soil ingestion, inhalation, and exposure to external radiation pathways in the first 0 to 3 In (0 to 10 ft) for

occasional-use scenario, and 0 to 4.5 m (0 to 15 ft) for frequent-use scenario.
bGroundwater-use exposures based on the groundwater ingestion pathway.
'Scenario requires contaminant transport modeling to demonstrate that contaminants left in place would not cause the ambient water

quality criteria at the river to be exceeded.

CD

V
2

~0

ON



SCENARIO Baseline' Occasional-Use' 1 Frequent-Use' Modified Frequent-Use' Complete Excavation

scenario LandSurface Groundter LandSurfixce,' GrudterI LandSurfae Groundwater LandSurface LandSurface
<t Components 1W - F 0-I t 0-GW,

RADIONUCLIDES (pCi/g)
Am-Z413 31 769 1600 1.3 31 1.3 1.3
C-14 50 50 940 940 50 so 851 851
Cs-134 517 517 3460 27000 22 517 22 22
Cs-137 5.68 775 5,68 40000 0A 775 01 01
Co-60 275 1292 17.5 67000 .11 1292 0.11 011
Eu-152 5 96 20667 5.96 1100000 0.1 20667 01 01
Eu-154 106 20667 10.6 1100000 0.1 20667 0.1 01
Eu-155 3080 103333 3080 5400000 20 103333 20 20
H-3 517 27000 27000 517 517 55900 55900
K-40 121 145 121 7500 4 145 4 4
Na-22 207 207 545 11000 4 207 4 4
Ni-63 4600 46500 '84000 2400000 3530 46500 3530 3530
Pu-238 5 879 260 17 5 11 1 7
Pu-239/2 40  4 4 72.8 210 14 4 14 1.4
Ra-226 0 0 1 L. 1 6 01 0.1 01 0
Sr-90 29 9 Q30 6700 37 129 37 3,

T-99 26 26 1400 1400 26 26 "3

Th-228 5 4 47 47

U- 2 3 3 /2 3 4  165 260 3 5- 31
U-25 661 23.61 31 6

U-238 (et {j6 31j 6 1

INORGANlOS (mgokg)
Antimony 6 6 6 6 6 6 6 6
Arsenic 1 1 I
Barium 258 258 13000 13000 258 258 560 560
Cadmium 0 775 0 7715 40 40 0.775 0.775 8 6

Chromium VI I I 1.4 1.4 I 1 3.9 3.9
Lead 8 8 420 420 8 8 0.3 0.3
Manganese 13 13 680 680 13 13 40 40
Mercury 0.31 0.31 16 16 0.31 0.31 2.4 2.4
Zinc 775 775 40000 40000 775 775 2400 2400

ORGANICS (mg/kg)
Aroclor 1260 (PCB) 1.37 1.371 4.34 71 0.083 1.370 0.083 0.083
Benzo(a)pyrene 4.57 5.6811 4.57 300 0.33 5.6811 033 033
Chrysene 0.33 0.33f. 0.52 0.33 0.33 0.3311 0.33
Pentachlorophenol 0.8 0.8k 14 1411 0.8 08 5.3 5.3
NOTES: Maximum depth range indicates maximum depth to which PRG would be applied For a given site, the remediation depth may be less thin maximum

GW=Groundwater
' All values presented are based on a target risk of 10'. Detailed PRG tables are provided in Attachment 2.
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Table 2-3. Exposure Pathways Evaluated in the Pathway Assessment.

Exposure Pathway

Soil Ingestion

Dermal Contact with Soil

External Exposure to Soil

Inhalation (Dust/Volatiles in Air)

Groundwater Ingestion

Dermal Contact with
Groundwater

Surface Water Ingestion

Dennal Contact with Surface
Water

Sediment Ingestion

Dermal Contact with Sediment

Scenario

-- Full Set

Frequent
Use

If

61

I.1

Ingestion of Game N

Ingestion of Fish

Ingestion of Crops

VI

I

of Pathways

Occasional
Use

Subset of Pathways

Frequent
Use

Occasional
Use

./ / ~1 /
/ /j /

VI / V/

V__
V

/

/

/

V /

t / II

NE

NE = Not Evaluated
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3.0 METHODOLOGY AND RESULTS

Sensitivity calculations were undertak-n to suppori the objectives of the analysis. The
calculations described in this section include area- volume, and cost estimates. The areas,
volumes, and costs developed for the representative sites were used to calculate summary costs
in a 100 Area-wide estimates. Additionally, a seclion describing the general implications to the
Environmental Restoration Disposal Facility (VRDF) is included.

3.1 REPRESENTATIVE WASTE SITES

This report evaluates the impacts of se 'eral exposure scenarios on waste volumes and
costs. Because of the similarities between wa&te sites in the 100 Area, representative sites were
selected from four waste site groups to streamline the evaluation. The four waste site types
chosen cover a range of sizes (based on estimated site dimensions) from small to very large. The
site types, designations, and relative sizes are illustrated in Table 3-1.

Table 3-1. Summary ol Representative Waste Sites.

Waste Site Type Site Designation Relative Size

Retention Basin 11 6-C-5 Very Large

Process Effluent Trench 116-B-I Large

Fuel Storage Basin Trench 116-D-IA Medium

Pluto Crib 116-- - Small

The four representative waste sites wer selected on the basis of size and the inventory of
characterization data available. Each selected vaste site has two sources of site-specific data.
The 116-C-5 Retention Basin, 116-B-1 Proces E fluent Trench, and the 11 6-D-lA Fuel Storage
Basin Trench were sampled by Dorian and Richanis (1978) and again during the Limited Field
Investigations (DOE-RL 1993a, DOE-RL 1 99'b, and DOF-RL 1 993c). The 116-F-4 Pluto Crib
sampling results were reported in Dorian and (ichards ( 1978) and in the Excavation Treatability
Test Report (DOE-RL 1994a).

This analysis estimates the impacts of I ve iifferent exposure scenarios on the excavation
volumes of waste plumes associated with four epiesentative 100 Area waste sites. Only liquid
reference solid waste studies waste sites were t val ated because the sampling data for the solid
waste burial grounds indicates that there are n( waste pluines under or near the burial trenches.
The waste volumes for the burial grounds are c ..nsidered to remain constant for all scenarios.
They are covered in a separate category in the 00 Area-wide estimate in Section 3.4.

D3-
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3.2 DEVELOPMENT OF VOLUME LSTIMATES

The volume and area estimates in thi analysis were performed in accordance with the
estimating methodology used in the FFS. That methodology is summarized in Section 3.2.1.

3.2.1 Estimating Bases

Waste site contamination volume estirnaics in the Process Document were developed
using sampling data to project waste plume c imensions (lateral and vertical extent). The lateral
dimensions of the waste plumes in the Sensit vitv Analysis are consistent with those used in the
Process Document.

The Sensitivity Analysis excavation c eptos were estimated from the refined COPC tables
developed for the operable unit FFS appendices. The refined COPC tables are spreadsheets that
show waste concentrations in four depth zones. They are used to indicate where the waste
concentrations exceed the PRG. The depth ofexcavation required at each waste site is the lowest
elevation at which the contaminant concentratior for a given waste exceeds its corresponding
PRG level. Refined COPC tables are providt d in Attachment 3.

After the excavation depths were determined for each waste site and exposure scenario,
the volume estimates were calculated as the product of the depth and lateral dimensions. The
resulting volume estimates served as input to the Micro Computer Assisted Cost Estimating
System (MCACES) that was used as the basiv of cost estimates in the FFS. These models are
presented in detail in the 100 Area Source Qpcrable Unit Focused Feasibility Study Cost Models
(WHC I994a).

Table 3-2 summarizes the volume estimates for the four representative waste sites and the
five scenarios considered. Both excavation v' lune (EV) and contaminated volume (CV) are
shown in Table 3-2. The EV is the total soil volume that must be removed. It includes clean
overburden and side slope material. The CV s the soil to be removed for treatment and/or
disposal. Figure 3-1 is a graphic summary of TaHle 3-2.

The surface area for containment was ,stimated by aking the site dimensions of each site
and extending the containment technology 12 m (40 ft) beyond the boundaries of the site on all
sides. This surface area did not change under varying exposure scenarios. The surface areas for
the four representative sites are 37,700 m2 (40),000 ft2), 5.120 m 2 (55,100 ft2), 2,100 m 2

(22,600 ff), and 930 m2 (10,000 ft2) for the re ention basir, process effluent trench, fuel storage
basin, and pluto crib respectively.

3.2.2 Volume Estimate Drivers

As noted in Section 3.2 1, the variatior beTween the Process Document and Sensitivity
Analysis volume estimates (and hence costs) i; because of excavation depth. The primary driver
for the excavation depth in the four representa- ive waste sites is the groundwater protection PRG
because all four sites require excavation in the depth zone in which the protection of groundwater
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PRG are the risk drivers (except for the modified frequent-use scenario). To demonstrate these
effects, four scenario comparisons are included n the following subsections.

3.2.2.1 Comparison of Baseline and Frequent-Use Scenarios. As shown in Table 3-2, the
excavation and contaminated volumes for th2 bseline and frequent-use scenarios are identical.
This occurs despite the use of more conservative PRG in the 0 to 4.5 m (0 to 15 ft) zone for the
frequent-use scenario than were used in the 0 to 3 in (0 to 10 ft) zone for the occasional-use
scenario. This is because the same groundwater protection PRG are used for both scenarios.
Please refer to the baseline and frequent-use cenario ]'RG Tables 2-1 and 2-2 in Attachment 2,
and the frequent-use COPC tables (3-1 throu ,h _-3) ir Attachment 3.

3.2.2.2 Comparison of Occasional-Use anti Frequent-Use Scenarios. The occasional-use and
frequent-use scenarios differ in the excavatioa depths and volumes because of unique
groundwater PRG that were developed for th' occasional-use scenario. The occasional-use
groundwater PRG allow higher waste coneertrat ons below 3 m (10 ft). This yields shallower
excavation depths in comparison with the fre uet-use scenario for three of the waste sites. The
116-B-1 Process Effluent Trench atypically stows the same excavation depth between the two
scenarios because Chromium VI was detected ab.ve the PRG at the 4.5 to 6 m (15 to 20 ft) level,
and the Chromium VI PRG are nearly the sal i i both scenarios.

A comparison of the PRG tables in At tachment 2 Cor the frequent-use (Table 2-1) and
occasional-use (Table 2-2) scenarios reveals tiat there are seven constituents 22 6Ra, 2 28Th, 2 32Th,
Sb, As, Cr, and chrysene) that have the same, or nearly the same PRG in the groundwater
protection zone. As a result, elevated concen rati ins of any of these contaminants in the
groundwater protection zone will drive the fin qut nt-use and occasional-use scenarios to the same
excavation depths. effectively eliminating an3 dis tinction between the two scenarios.

3.2.2.3 Comparison of Frequent-Use and C mplete Excavation Scenarios. The frequent-use
and complete excavation scenarios show diffv rences in the excavation depths and volumes
because of the more conservative PRG used it thy complete excavation scenario. The complete
excavation scenario was based on radioisotop( so I concentrations that correspond to the
frequent-use human health-based contaminant levels (10' target risk) applied at all depths above
the groundwater table.

As Table 3-2 shows, the depth of exca ation increased above the frequent-use scenario in
all cases. For three of the waste sites the increased depth of excavation was only 1.5 m (5 ft).
The large increase noted for the 116-D-IA wa te s ite was influenced by the waste concentration
profile that showed little change in concentrati )n with depih, and exceeded the PRG to the
bottom of the borehole (15 no [50 ft] depth). I hus, the excavation depth for that site was set at
the groundwater elevation (25 in [83 ft] depth) in the complete excavation scenario.

3.2.2.4 Comparison of Modified-Frequent I se and Occasional-Use Scenarios. The
modified-frequent use scenario yields total EV tha are similar to those in the occasional-use
scenario (135,000 m3 vs. 128,000 m'). Flowe er, the EV data in Table 3-2 indicates that the
volume contributions from the individual wast. sites vary considerably between the two
scenarios. The modified frequent-use scenario shows a significant reduction in the EV at the
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deep waste site (Fuel Storage Basin Trench) n comparison with the occasional-use scenario.
The occasional-use scenario yields a very low EV in the retention basin waste site because of the
shallow excavation depth
(3 m [10 ft]).

It is evident that the excavation depths in the modified frequent-use scenario are fixed at
the -14.6 m (-15 ft) elevation regardless of wiste site, or contamination levels. In comparison,
excavation depth will fluctuate by waste site n the occasional-use scenario. The area of
sensitivity in the occasional-use scenario is the low PRG concentrations in the groundwater
protection zone. Elevated concentrations of 2 6Ra, 122 Th. M2 Th, antimony, arsenic, chromium, or
chrysene in the groundwater protection zone :ould drive the occasional-use scenario to greater
excavation depths and volumes than the mod fied frcquent-use scenario. This was the case for
the Fuel Storage Basin Trench, which has a 14 m (45-ft) excavation depth in the occasional-use
scenario due to chromium (refer to 'Fable 3-4 of Attachment 3). If a similar condition occurs at a
retention basin waste site, it could significantly impact the occasional-use scenario EV.

3.2.2.5 Summary of Volume Estimate Observations. Based on the evaluations conducted, the
following observations were made:

If excavation represents the primary rmedial alternative, and the PRG applied for the
protection of groundwater drive the es cay ation depth, the human health (land surface
protection) PRG will not be a primary volume and cost driver.

The distinction between the occasiona -use and fiequent-use scenarios is sensitive to
elevated concentrations of seven contiminants in the groundwater protection zone.
Because the PRG limits in the groundwater protection zone are the same, or nearly the
same for these contaminants in the oc< asional-use and frequent-use scenarios, the PRG
would drive excavation to the same de pth for these two scenarios (refer to
Section 3.2.2.2).

3.2.2.6 Uncertainties in Volume Estimates. The volume estimates developed in this analysis
are useful tools for making relative comparisons between scenarios, but should not be regarded
as absolute volume figures because of the unc rtamnties resulting from the limited analytical
database. The estimated excavation depths fo waste sites were at times determined by the
results from a single borehole. Consequently, the database for these waste sites does not provide
a statistically significant basis for accurate three dimensional waste plume estimates.

For example, analytical data shows thk [ wiste concentrations may vary by two orders of
magnitude depending on the location within tLe Aaste plume at the same relative elevation
(DOE-RL 1994a).

3.3 AREA ESTIMATE

Remediation areas were estimated bast d on the waste site dimensions. For the
Containment Alternative, the remediation area wai estimated by adding a 12 m (40 ft) buffer
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zone around the waste site. These areas are assumed to be insensitive to changes in exposure
scenario.

3.4 DEVELOPMENT OF COST ESTIMATES

The area and volume estimates developec for this analysis served as input parameters for
cost estimating. This section describes the cost estimating methods.

Cost estimates for the representative waste sites and remediation scenarios were
generated using MCACES cost models, as in the 100 Area FFSs (WHC 1994a). Several cost
models were used, according to the type ofw iste site and waste treatment required. The waste
site dimensions and volumes for the four repiesentative waste sites were calculated for each
exposure scenario as input to the cost models

The costs include equipment, labor, si pplies, overhead, profit, and contingency. The
rates for excavation, material costs, labor, an( equipment depreciation and operating costs are
fixed within the MCACES models. Factors fBr profit and overhead are adjusted for each model
according to the project duration and total projec cost. 'Fable 3-3 provides a summary of the cost
estimates for the four representative waste sites and five scenarios considered. Figure 3-3 is a
100 Area cost summary.

The major cost drivers for the alternat ves evaluated in the Sensitivity Analysis are waste
treatment processes and waste disposal; both drivers are volume dependent. Project
management, overhead, and contingency are Iso large dollar items. These, however, are
proportional costs that are factored against tot il project costs. A summary of the cost elements is
provided in Attachment 4 to identify the cost Irivers in the same manner as the 100 Area Source
Operable Unit Focused Feasibility Study Reprt i DOE 1994b). The Attachment 4 summary
features the 116-C-5 Retention Basin for the occasional-use, frequent-use, and complete
excavation scenarios. These cost element examnples provide a comparison basis for the scenarios
within this study only.

The MCACES cost model estimates tl e cost of soil washing in the RTD remediation
alternative. The methodology used in this analysis was applied in DOE-RL (1994b). The soil
washing process was assumed to be effective it reducing 'Cs soil concentrations by 50%.
Therefore, soil with initial 'Cs concentration; less than or equal to two times the PRG levels
was eligible for soil washing. The volume of ;oil eligible for treatment was divided by the
estimated CV for that site. The resulting fract [on was compared with default percentages of 0,
33, 67, and 100. The eligible volume fraction, were rounded to the nearest default percentage.
The selected default percentages were used as input to the cost estimating model.

The major cost factors for the Ireatine it Alternativc are the soil washing process and
waste disposal. Waste disposal costs are directly proportional to the disposal volume. Soil
washing process costs include soil hauling, laboratory analysis, and system operation and
maintenance. System operation is the most sigtnit cant cost element and is driven by equipment
costs, and process water.
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3.5 100 AREA-WIDE ESTIMATE

1 he purpose of the 100 Area-wide esiimate is to give decision makers a sense of how
decisions on the future use of the 100 Area a ffect the estimated areas, volumes, and costs, and
may impose logistical constraints on future rmediation decisions. Many assumptions and
generalizations were made for these estimatet i or example, 100 Area-wide estimates are made
assuming that a single alternative is implemented for all sites. In reality (and as demonstrated by
the Process Document) not all alternatives art a plicabie for a]I waste sites. In addition, many
assumptions were made regarding whether a giv,.n site would be renmediated under one exposure
scenario but not another. Consequently, the results presented here are rough estimates and
should be considered only in the context of comparing the relative impact of different exposure
scenarios. A summary of the approach taken and results is provided below. A more detailed
description of the process assumptions is pro vided in Attachment 5.

3.5.1 Area, Volume, and Cost Approach

Individual representative site area, vol um, and cost estimates developed in Sections 3.2,
3.3, and 3.4 were multiplied by the total number of similar size sites in the 100 Area to develop
total area, volume, and cost estimates for sou ce iemediation. The initial step in the 100
Area-wide estimate was to establish the inventory of IRM and miscellaneous sites within the 100
Area Source Operable Units. The inventory effort relied on available data and estimates of the
site dimensions, depth of contamination, CV, and excavation volume. Estimates for candidate
IRM sites were based on available LFJ data sipplemented by historical information. Estimates
for the miscellaneous sites were based on the lan/brd Site 100 and 300 Subproject Excavation
and Waste Volume Study (W1HC 1994b).

The waste site inventory was subdivid, d into four categories for further assessment.
(Note that these categories have been defined :n this manner purely for the purpose of the 100
Area estimate.) These categories included the following:

a IRM sites. Waste sites identified in op -rable unit work plans and LFIs as IRM
candidates.

* Contaminated miscellaneous sites. Waste sites that are not IRM sites and which are
likely to contain known or suspected chemical or radionuclide contamination.

a Potential miscellaneous sites. Waste si es ihat are not IRNM sites and which contain no
known or suspected chemical or radion uclile contamination.

. Excluded sites. Waste sites that are unlikely to require cleanup under any exposure
scenario. After assessment of the inventornY no sites fedl within this category.

The inventory of IRM and miscellaneot s sites was further screened to remove waste sites
that were believed to be insensitive to exposure scenario (scenario insensitive sites). Scenario
insensitive sites are characterized as sites for wiich the contaminated and excavated volumes
would not significantly change with changing c ea up levels. For example, burial grounds that
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received only solids, and pipelines with little or no leakage are two types of scenario insensitive
sites. The volumes and costs associated with scenario insensitive sites are constant for all
scenarios. The volumes associated with scenario insensitive sites are as follows:

- Contaminated Volume 1,500,000 in
- Excavated Volume 3,900,000 m.

A cost associated with scenario insen::itix e sites xxas estimated based on burial ground
cost information in the Process Document an.1 otner site--specific FFS documents (see
Attachment 5 for additional detail). A cost o S6O per contaminated cubic meter was used to
represent the fixed cost contributed by the scenario insensitive sites. The total remove and
dispose cost for all scenario insensitive sites is estimated to be $900 million.

The remaining IRM and miscellancot; si es were assigned to groups that were analogous
on the basis of size to the representative wast.: sites (e.g.- pluto crib). Assignment to a
representative size group was based on sinil rity of CV and depth of contamination. The size
group assignment criteria included the follow ng

a Pluto crib. CV less than 500 m3 with i depth of contamination less than 6 m (20 ft).

- Process effluent trench. CV less than ,500 m' with a depth of contamination less than 9
m (30 ft).

. Fuel storage basin trench. CV less tht n 50,000 n

a Retention basin. CV greater than 50,610 1n3

Table 3-4 provides an inventory of the number of IRM and miscellaneous sites within
each representative size group. The area, volume and cost estimates were calculated by
multiplying the scenario specific representatix o site area, volume, and cost estimates in Tables
3-2 and 3-3, by the site inventory shown in TE ble 3-4, then summing the results. IRM and
contaminated miscellaneous sites were includ d in the estmates for all five scenarios. The
potential miscellaneous sites (e.g., sanitary drAin ields) are expected to require cleanup only
under a frequent-use scenario of the near-surfice ,;oils and, therefore, were included only in the
roll up for the frequent-use, modified frequent -ust, and complete excavation scenarios.

3.5.2 Area, Volume, and Cost Results

The results of the 100 Area-wide contaimiiated and excavation volume estimates are
presented in Tables 3-5 and 3-6. Subtotal volumes for each site category and overall totals are
included in the estimates for each exposure scenario. Table 3-5 presents the summation of the
CV estimates along with the relative percent clanyge from the baseline scenario. Table 3-6
provides the excavation volume roll up and relatiN e percent change From the baseline scenario.
Figure 3-2 provides a graphic representation o the IRM and miscellaneous sites volume data
from Tables 3-5 and 3-6.
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The 100 Area-wide volume estimate; for the occasional-use and modified frequent-use
exposure scenarios yield lower contaminated and excavation volumes than the baseline scenario
(on average 35% less). As would be expected, the complete excavation scenario leads to the
greatest percentage increase in contaminatet and excavation volumes, 37 and 123%,
respectively. The frequent-use scenario only shows a slight increase in volume when compared
to the baseline scenario. These two scenarios are relatively the same because the groundwater
protection PRG, which is the same for both cerarios, is the limiting criteria for cleanup in both
scenarios.

The results of the 100 Area-wide cos estimates are presented in Tables 3-7, 3-8, and 3-9.
Site category subtotals and overall totals are included for each of the 5 exposure scenarios for
Containment (CAP), RD, and the RTD remedial alternatives. Table 3-7 presents the summation
of the RD costs along with the relative perce it change from the baseline exposure scenario.
Table 3-8 provides a similar cost roll up for RTD. A graphic representation of the IRM and
miscellaneous sites cost data in Tables 3-7, 3-8, and 3-9 is provided in Figure 3-3.

Evaluation of the 100 Area-wide cost estimates indicates the same trends as the volume
estimates. The remediation costs under occasional use and modified frequent-use scenarios are
both 30 to 40% less than the baseline scenario. Cleanup actions under the complete excavation
scenario are estimated to be 45 to 72% highe than the baseline scenario for the RTD and RD
scenarios, respectively. The frequent-use scenario costs are within the range of the baseline
scenario costs. As indicated above, groundw iter protection criteria are the primary influence on
costs associated with the exposure scenarios ( onidered in this evaluation.

The surface area of the containment t chrology is assumed to be constant under all
applicable exposure scenarios. As shown in ligure 3-3, the 100 Area cost estimates for the
Containment Alternative were nearly the same as costs for the RD Alternative. The containment
cost estimate for the occasional-use scenario vas significantly higher than both the RD and RTD
Alternatives.

3.6 ERDF CONSIDERATIONS

The objective of this section is to assess the impact of the five land-use scenarios on the
ERDF project. To accomplish this, the currer t ERDF design is examined and the volumes from
the 100 Area-wide volume roll up are compared to current ERDF assumptions.

If Containment or In Situ Treatment " 2re selected as the preferred alternative, very little
soil and other material would require disposal Changes in exposure scenario would have little,
if any effect on ERDF design parameters, and therefore, the Containment and In Situ Treatment
Alternative disposal requirements are not discusscd further.

3.6.1 Current ERDF Basis

The ERDF is proposed to be a single-ti eich landfill with expansion flexibility to handle
the past practice waste generated from the 100 209, and 300 Areas (DOE/RL 1994c).
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The ERDF project was originally des gned as a disposal facility to accept a maximum of
21 million m3 of waste generated during the (omplete remediation at the Hanford Site. The
baseline (4-year) design consists of four comnartment type cells in a single trench landfill design
with expansion capabilities to six compartment cells. Each cell has the dimensions of
approximately 150 m by 150 m by 21 m wit- a capacity of 500,000 m3 . Currently, the projected
disposal volume for the four compartment ce Is i1 the first 4 years is under review.

The expansion capabilities still exist within the functional design of the ERDF and can be
implemented by adding more cells. The design t fERDF includes a total area of 4.1 square
kilometers and can be expanded to handle a projtcted total waste volume of 21 million m3 . The
ERDF project planning is an ongoing effort aid consequently these dimensions are subject to
change.

3.6.2 Exposure Scenario Impacts on ERDI'

As shown in Section 3.4, the contaminated soil volume is the smallest for the occasional-
use scenario (1.4 million M3) and greatest for he complete excavation scenario (3.4 million m).
These volumes, in combination with the volui me associated with scenario insensitive sites
(Section 2.1, Appendix E, 1.5 million in3), rel restnt the 100 Area bounding conditions for this
report. These volumes were based on remova and disposal of wastes without treatment to
provide a worst case disposal volume. The lo .v a )d high estimates are 2.9 million m3 and
4.9 million m3 for the occasional-use and com plete excavation scenarios, respectively. These
volumes fall well within the planned ERDF c:pac ity.

Other issues, such as land disposal restrictions (LDR) and ERDF waste acceptance
criteria, may have a significant impact on the ant disposal alternative. Assessment of these
issues is beyond the scope of this report.
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Figure 3.3

100 Area Cost Summary
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Scenario Baseline" Occasional' - Use Frequente - Use Modified' Frequent - Complete

(10-6) (10-6) Use (10-) Excavation'

Representative Depth Volume Depth Volume/Area' Depth Volume Depth Volume Depth Volume
Waste Site (ft) (m) (ft) (ml/m2) (fl) (in 3) (ft) (m3) (ft) (in 3)

Retention EV=161,000 EV=77,000 EV=161,000 EV=121,000 EV=204,000
Basin 20 10 CV=73,000 20 15 25

ai6-C 2 CV=145,000 Area=37,691 CV=145,000 CV=110,000 CV=181,000

Process EV=16,000
Effluent 20 EV=16,000 2fl CV=3,000 20 EV=1 6,000 15 EV-< 1,000 30 EV=33,000
Trench CV=3,000 CV=3,000 CV=2,000 CV=7,000
116-B-1 1Area=5,119

s 6 50 EV=38,000 45 C 1150 EV=38 5 I EV '3,000 8 EV-128,000

116-D-IA _ j -9,Q I Area=2.104 ± V - _ Y V ,UWJ YV-,UOG

Pluto Crib EV=2,000
i6-F-4 ArV=9 j 20 CV=2,000 EV=1000 EV=3.000
116~~ )F-4 j CV=200 C 2-- 1 C, V CV=200 CV=300CV=200 Area=929 0

NOTES: EV = Excavation volume
CV = Contamination volume

FOOTNOTES:
a. Baseline scenario based on occasional-use for soils and frequent-use protection of groundwater derived from the Summers Model and ARAR.
b. Soil risk and protection of groundwater based on occasional-use.
c. Soil risk and protection of groundwater based on frequent-use.
d. Soil risk is based on frequent use parameters, drinking water obtained from river, maximum excavation depth of 4.5 m (15 ft) based on MTCA.
e. Based on application of human health driven cleanup numbers to the full extent of the plume.
f. Area presented inlcudes a 12 m (40 ft) buffer zone around each site.
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Occasionalb - Use Frequent' - Use Modifiedd Frequent- CompleteScenario Baselinea (10-6) (1Q-6) Use (10.6) Excavationr

Representative RD RTD CAP RD RTD CAP RD RTD RD RTD RD RTDWaste Site

Retention Basin
116-C-s 59 81 23.6 29 33 23.6 59 81 43 49 70 80

Process Effluent
Trench 3 4 5.9 4 5.9 4 2 3 8 9
116-B-1

Trench 5 6 4.1 5 6 4.1 5 7 1 2 15 16
16-D-IA

-Pluto Crib I (9O 0 I09(4(8 0 .

NOTES: RD = Remove/Dispose of material
RTD = Remove/Treat/Dispose of material
CAP = Containment

FOOTNOTES:
a. Baseline scenario based on occasional-use for soils and frequent-use protection of groundwater derived from the Summers Model and ARAR.
b. Soil risk and protection of groundwater based on occasional-use.
c. Soil risk and protection of groundwater based on frequent-use.
d. Soil risk is based on frequent use parameters, drinking water obtained from river, maximum excavation depth of 4.5 m (15 ft) based on MTCA.
e. Based on application of human health driven cleanup numbers to the full extent of the plume.
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IRM Pocess
Sites Non-Process

Miscel!ancous Contaminated

1O1CIIeid

Exposure Scenario
Baseline (a) Occasional Use Frequent Use Mod. Freq. Use Complete Excavation

CV CV

1,725.4001 925,400

160,100 87,600

566,20( 343,200

01 0|

% CV 1
(464) 1/25,400
(45.3) 160,1001

(39.4) 566,200 1

NAI 64,9001

0.0

CV %

1,266,400

118,600

O.0 393,2001

NA 35,400

(26.6)

(254)

(30.6)1

NA
F __T_ __T^2,15V,00 ,356,n3 144 Z 1,00 .6 1,813,600 (26.0) 3,366,400 37.3

Scenario Insensitive Sites 1,400,000 1,400,000 0.01 1,400,0001 0.0 1,400,0001 i.U 1,400,000 0.0
Total Contaminated Volumc (TCV) 1 3,851,700 2,756,200
CV> Coiianiinated Volume. voume in cubic meters.
TCV = Total Contaminated Volume.
(a) baseline scenario is the base case
NA = Not applicable because base case (baseline scenario) is zero.
(#) - Parentheses around a number denotes a negative value.

(28.4) 3: 600 1 7 , 2113.00f 1,766,400 23.71

CV %

2,235,6007

211,4001

790.8001

128,6001

29.6

32.0

39.7

NA
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Exposure Scenario

Frequent Use iBaseline (a) Occasional Use

EV EV % EV

2,711,000 [ 1,659,0001
263000 71,000 t

Miscellaneous [Contaminated 1,431,000

' I Potential 0

1,067,000j

01

(38 .8) 2,711,0001

(3510) 1 263,000

(25.4)1 1,431,0004

NA 446,0001

%

(0

0.0

0.0

NA

Mod. Freq. Use

EV %

1,599,000

165,000
670,000

179,0001

(41.0)

(37.3)

(53.2)

NA

Complete Excav

EV1

4,952,000

455,0001

3,199.0001

1,132,0001

ation

%

82.7

73.0

123.6

NA

iV~,li~AL,4, 2,897,000 (342) 4,851,000 10.1 2,613,000 (40.7) 9,738,000 121.1
Scenario Insensitive Sites 3,600,000 0,600,000 0.0 3,600,000 0.0 3,600,000 0.0
i ota! Excavation Volume fTEV) 8005,000 6.497,000 (18.8) 8,451.000 .. 6 6,213,000 (22.4)1 13,338,000 p 66.6
EV = Excavation Volume. Volume in cubic meters.
TEV = Total Excavation Volume.
(a) baseline scenario is the base case.
NA = Not applicable because base case (baseline scenario) is zero.
(#) - Parentheses around a number denotes a negative value.
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Exposure Scenario

Baseline (a) Occasional Frequent Modified Complete
Use Use Frequent Use Excavation

RD

794.0

'7.0

RD

464.0

47.0

% RD

(41.6) 794.01

(39.0)

0.0

0.0.77.0

RD %

533.8 1 (32.8)

(30.9)

RD

1169.4

114 6

%~

47.3

48.8

is Potnene entia t ' 00 t _ _ JZ.U 2 ~ - t203.4 (387) 611.2 84.11
SUBTOTAL 2t03 0 _7.... ______ _ 48 NA 193.4 NA

ISUBTOTAL 1203.0 753.0 (37.4) 1280.0 6.41 832.2 (30.8) 2088.6 73.6
Scenario Insensitive Sites

Tota RD (ost

870.01 870.01

2073.0 1623.01
0.0 870.0

(21.7)1 2150.0

0.0
3.7,

RD - Remove and Dispose. Cost in millions of dollars.
(a) baseline scenario is the base case
NA = Not applicable <ause base case (baseline scenario) is zero.
() - Parentheses around a number denotes a negative value.
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Exposure Scenario
Baseline (a) Occasional Frequent Mo

Use Use Freq

RTD

1078.8

106.2

453.4$

00

1638.41

RTD

550.8

58.2

309.4

918.41

% RTD % RTD

1.5 642.

0 9 66

8.7 1057,6

001 870,

1927.6

(48.9) 1094.81

(45.2)1
Ill R I

NA I
(43.9)

870.01 870.0 1 0.01
Total RTD Cost 2508.4 1788.4
RTD = Remove, Treat and Dispose. Cost in millions of dollars.
(a) baseline scenario is the base case.
NA = Not applicaole because base case (baseline scenario) is zero
(#) - Parentheses around a number denotes a negative value

(287)

107.21

111.8J
1781.21

870.0 I
265 12'

dlified Complete
uent Use Excavation

% RTD % -

6 (40.4) 1320.0 22.4

4 (3 .5) 31. 23.4

8 NA 77 I

(3.4 2362.01 44.2

t 0.01 M 0 1.

(23.2) 3232.0 28.81 -
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Table 3-9. Area Wide Containment Cost Estimates (S in millions).

Occasional-Use

IRM Process 510
Sites Non-Process 70

Miscellaneous Contaminated 430

Sites Potential 200

SUBTOTAL 1200

Scenario Insensitive Sites 950

Total Containment Cost 2150

Note: The contaminated areas rema n constant, therefore,

same for both scenarios.
the cost is the

D3-20
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4.0 COMPARATIVE ANALYSIS OF EXPOSURE SCENARIOS

The comparative analysis of exposur scenarios is accomplished by assessing the impacts
of the additional exposure scenarios on the e valuation of seven of the standard nine CERCLA
criteria relative to the baseline scenario, for the CAP, RID, and RTD Alternatives. This
comparative evaluation identifies the relativt impacts of changing exposure scenarios and is not
intended for the purpose of comparing the CAxP, RID, and RTD Alternatives. Section 6.0 of the
Process Document presents a comparative ar alysis of all the candidate remedial alternatives with
respect to the nine CERCLA evaluation criteria. The seven criteria evaluated include the
following:

Threshold Criteria

- Overall protection of human healIh and the environment
- Compliance with ARAR

Balancing Criteria

- Long-term effectiveness and r era anence
- Reduction of toxicity, mobilit', and voluIme through treatment
- Short-term effectiveness
- Implementability
- Cost.

The two remaining criteria, regulatory acceptance and community acceptance, will be
considered after regulatory and public comment on the FFS documents. The nine CERCLA
criteria are intended for evaluation of remedial alternatives; however, this analysis uses the
criteria to evaluate alternate exposure scenarios, and therefore, should be considered with that in
mind.

To effectively evaluate the criteria intvoduced above, the impacts of alternate exposure
scenarios on specific critical parameters must be defined. Critical parameters are defined as
those elements of a remedial action that are signiticantly impacted by a change in exposure
scenario. This section first defines the critical pasameters and compares exposure scenarios
relative to those parameters. The evaluation agauist the parameters is then used in the
assessment of impacts on the evaluation of th.- ClRCLA criteria.

4.1 EVALUATION OF CRITICAL PARAVIETERS

The critical parameters include EV, C /, duration of remedial action, percent of material
that is treatable, and cost. The reason these parameters are significantly impacted by a change in
exposure scenario is primarily because of their relationship to PRG.
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The PRG are primary variables affected by changes in exposure scenarios. The PRG are
used to screen site data to define the extent of contamination. The extent of contamination is
used to estimate CV, which in turn defines the El and surface area. The PRG also influence the
effectiveness of treatment alternatives, such ai soil washing. For example, two-stage attrition
scrubbing can only effectively treat soils contaiminated with "'Cs when the "'Cs concentrations
are less than two times the PRG. Soil washing is not the only treatment alternative evaluated in
the FFS; however, it is applicable at most of the waste sites and is considered most sensitive to
changes in exposure scenarios. The duration of the remedial action depends on the amount of
material to be remediated as well as other requirements such as treatment. The cost of
remediation depends on the amount of material to be remediated, treated or disposed, as well as
the duration of the remedial action. The criti:al iarameters are defined and evaluated below
based on the results presented in Table 4-1.

Table 4-1 presents a comparison of tht exposure scenarios relative to the baseline
scenario based on the critical parameters. This comparison consists primarily of analysis of
percent changes in the critical parameters rela~ive to the base case. Positive values represent an
increase in a parameter (e.g., volume), negative values represent a decrease, and a zero represents
no change from the base case. The results presented in Table 4-1 are intended to be used to
evaluate impacts from changing exposure scenarios for the 100 Area waste sites as a whole.
Because the critical parameters for cost do not vary significantly for the CAP Alternative, it is
excluded from the table.

4.1.1 Contaminated and Excavated Volume

Contaminated volume is the material tiat nas been identified as contaminated by
comparing the site data for representative waste sites against PRG. This is the quantity of
material that must be addressed by the remedial action. Excavated volume is the material
(including contaminated materials) that must be excavated during remedial action. Table 4-1
presents the comparison of the 100 Area-wide estimate volumes for each size grouping. The
comparison presents the percentage change in contaminated and EV for each scenario relative to
the baseline scenario (base case). Because the PRG are the same for each alternative (RD and
RTD) under a given exposure scenario, the pei cent change in volume is the same for both
alternatives presented.

As shown in Table 4-1, the occasional-use scenario results in a decrease in contaminated
and excavated volumes for the larger sites (i.e., fuel storage basin trench and retention basin
representative size groupings). The frequent-ise scenario results in an increase in volumes for all
size groupings except the retention basin size group that does riot change relative to the base
case. The modified frequent-use scenario results in the greatest decrease in volumes and affects
all size groupings. The complete excavation s enario results in the greatest volume increase for
all size groupings.

4.1.2 Duration

Duration is the amount of time require( to complete the remedial action. This is an
important parameter when considering short-term risks to Aorkers from industrial hazards and
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exposure to contaminants. The comparison presents the percentage change in duration for each
scenario relative to the base case. The comparison in Table 4-1 is for an individual
representative site within each size grouping

Under the RD alternative, the occasional- use scenario results in minor changes in
duration for the larger sites (a slight increase for the fuel storage basin trench size sites, and a
slight decrease for the retention basin size sit-s). There is no change in duration realized by
changing to the frequent-use scenario. The modified frequent-use scenario results in a decrease
in remedial action duration for all size groupings with the largest decrease related to the fuel
storage basin trench size sites. The complete excavation scenario results in an increase in
duration for all size groupings with the large t increase related to the fuel storage basin trench
size sites.

Under the RTD alternative, the occasional-use scenario results in an increase in duration
for the fuel storage basin trench size sites onl v, with no change in the pluto crib and process
effluent trench size groupings. The retention basin size grouping shows a decrease in duration
because it is not eligible for soil washing under the occasional-use scenario. The frequent-use
scenario also results in an increase in duratioi, for the fuel storage basin trench size sites, with no
change in the process effluent trench, retention basin, and pluto crib size sites. The modified
frequent-use scenario results in a decrease in emedial action duration for all sites; however, the
decrease in the pluto crib and retention basin ;ize sites is due, in part, to those groups not being
eligible for soil washing. The complete excaation scenario results in an increase in duration for
the process effluent trench size sites, which is the only size grouping eligible for soil washing.
The increase in duration for the fuel storage basil trench site and the decrease in the pluto crib
and retention basin sites are due in part to the r lack of eligibility for soil washing.

4.1.3 Percent Treatable

Percent treatable is the percentage of tue (ontaminated material that can be treated by soil
washing. The percentage represents the effectiveness of the treatment alternative under each
exposure scenario. The comparison presents ihe estimated percentage of contaminated material
that is subject to treatment by soil washing for each exposure scenario. The comparison in
Table 4.1 can be applied to an individual site as well as the 100 Area-wide roll up because it is a
percentage of contaminated material. This parameter does not apply to the RD Alternative.

The baseline scenario represents the largest percentage treatable soils because of the
PRG. The occasional-use scenario results in ii decrease in percent treatable for the retention
basin size grouping. The retention basin size 4rouping becomes ineligible for soil washing under
the occasional-use scenario. Under the frequent-use scenario, a decrease in percent treatable is
realized for the fuel storage basin trench size ,ites. The modified frequent-use scenario results in
only two of the four size groupings (process e flucnt trench and fuel storage basin trench) as
eligible for soil washing, and the percentages are ess than the base case. The complete
excavation scenario results in three of the foul size groupings as ineligible for soil washing with
a decrease in the percent treatable for the process effluent trench size sites.
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Under the CAP Alternative, the extent of the remedial action remains constant for all
applicable scenarios; therefore, the duration of remediation remains consistent.

4.1.4 Cost

The comparison presents the percentage change in cost for each scenario relative to the
base case for the 100 Area-wide estimate. Under the CAP Alternative, the cost remains constant
for both applicable exposure scenarios.

For the RD Alternative, the occasioml-use scenario results in a decrease in cost for the
retention basin size grouping, and all other size grouping do not change relative to the base case.
A cost increase for all size groupings, except the retention basin size grouping, is realized under
the frequent-use scenario. The modified frequent-use scenario results in a minor increase in cost
for the pluto crib size grouping. The other three size groupings decrease in cost under the
modified frequent-use scenario. Costs increase for all size groupings under the complete
excavation scenario, with the greatest increase realized for the process effluent trench and fuel
storage basin trench size groupings.

Under the RTD Alternative, the occasional-use scenario results in a cost decrease for the
retention basin size grouping with all other groups remaining the same as the base case. The
frequent-use scenario results in cost increases for the pluto crib, process effluent trench, and fuel
storage basin trench size groupings and no change for the retention basin size grouping. All four
size groupings decrease in cost under the modified frequent-use scenario. The complete
excavation scenario results in a minor increase in cost for the pluto crib size group, no change for
the retention basin size group, and significant coit increases for the process effluent trench and
fuel storage basin trench size groupings.

4.1.5 Natural Resources

Because of the extent of potential excavatton at the 100 Area operable units, natural
resources such as cultural and ecological resources are considered to be critical parameters.

4.1.5.1 Ecological Resources. The natural vwgetution, sensitive habitats and wildlife species
could potentially be impacted by a change in exposure scenario since these resources are directly
related to the extent of excavation (footprint). Ecological resources such as animals (species
known to exist at Hanford) and the habitat thai suoports those animals are affected by what
happens to the Hanford-wide environment, as well as the waste site specific changes. The extent
of impact is influenced not by just the actual excavated area but also the needed support
facilities, laydown areas, and haul routes/roads required to perform the work. These staging areas
can take up significant area and may or may n )t be located in previously undisturbed areas.

4.1.5.2 Cultural Resources. The potential impacts on cultural resources are directly related to
the amount of volume excavated. A change in exposure scenario that results in a wider and
deeper excavation will disturb more area at a Vrealer depth and thus may impact cultural
resources to a greater degree or increase the li elihood of encountering cultural resources. If this
increased width and depth of excavation is in ; rex iously disturbed areas, then the impact of
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going to a larger excavation could be negligible. If the area and depth result in the excavation
expanding from a previously disturbed area to an area that has not been disturbed, then impacts
could be significant. Also, as discussed for ecological resources, staging areas could influence
the potential for impacts to cultural resources du( to grading and grubbing activities.

4.2 IMPACT ON THE EVALUATION OF THE CERCLA CRITERIA

This section identifies the impacts of changing the exposure scenario on the evaluation of
the CERCLA criteria, as presented in the Process Document. The comparisons presented are not
intended to recommend a preferred exposure ;cerario, rather they identify the relative impacts of
choosing an exposure scenario that differs fro m the baseline scenario in the Process Document.

4.2.1 Overall Protection of Human Health and the Environment

As exposure scenarios change, so do tme RAO. As long as the RAO are met, the
alternative is protective of human health and lie environment; therefore, there is no significant
impact on the evaluation of this criterion whe[ allernate exposure scenarios are considered.

4.2.2 Compliance with ARAR

The ARAR themselves may change as exposure scenarios change; but this criterion will
be met for all scenarios either by meeting the requirement or obtaining a waiver. The remedial
action will be designed and implemented in c(nipliance with action- and location-specific
ARAR, and cleanup criteria will be established in consideration of chemical-specific ARAR.
The evaluation of this criterion will not likely he impacted by a change in the exposure scenario.

4.2.3 Long-Term Effectiveness and Permnece

For the RD Alternative, the evaluation of this criterion will not be impacted by changing
the exposure scenario. Removal of the contanination to achieve RAO is effective and
permanent. The effectiveness of the RTD Alternative, however, is impacted by changing
exposure scenarios As PRG become more stringent, the performance of treatment technologies,
such as soil washing, become limited, as with he complete excavation scenario where only one
of the four size groupings is eligible for soil wishing. However. because removal and disposal
are elements of this alternative, the action will be effective and permanent for addressing
contamination. The long-term effectiveness and permanence of the CAP Alternative is not
affected by changes in applicable exposure see ianos.

4.2.4 Reduction of Toxicity, Mobility, and Volume through Treatment

For the RD and CAP Alternatives, the cvaliation of this criterion will not be impacted by
changing the exposure scenario. The alternatiN es do not involve treatment, therefore, no
reductions are realized. The effectiveness of t e R I'D Alternative, however, is impacted by
changing exposure scenarios. As PRG becomc more stringent, the performance of treatment
technologies, such as soil washing, become lirn itec. therefore, decreasing the amount of
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reduction realized. The baseline scenario allovs ihe highest percentage of material to be treated
for all size groupings. The occasional-use scenario limits the eligibility of soil washing to three
size groupings. The frequent-use scenario allows soil washing for all groupings, but at a lower
percentage. The modified frequent-use scenario h(mits soil washing to two groupings. The
complete excavation scenario allow only one grouping to be eligible.

4.2.5 Short-Term Effectiveness

The evaluation of short-term effectiver ess is impacted by changing exposure scenarios.
As the volume of material to be addressed incieases, the duration of the activity increases. This
increases the risk to workers from industrial hazards as well as exposure to contaminants. As the
extent of the excavation increases, there is an increased potential for disturbance of local
ecological and cultural resources.

The greatest changes in [V is realized For ihe modified frequent-use and complete
excavation scenarios. The modified frequent-use requires much less excavated material for all
size groupings, which results in a decrease in remedial action durations and is therefore the most
effective scenario for the short-term. The complete excavation scenario requires significant
increases in excavation resulting in significant increases in duration and is therefore the least
effective scenario in the short-term. The occas ion il-use scenario will be slightly more effective
in the short-term than the base case and the re-iuent use scenario will be slightly less effective.
The short-term effectiveness of the CAP Alternative is not affected by changes in applicable
exposure scenarios.

4.2.6 Implementability

For the RD Alternative, the evaluation )f implemenlability is not impacted by changing
exposure scenarios. The technology is proven, established, and readily implementable. The
RTD Alternative is impacted by the performance limitations of technologies, such as soil
washing. For the alternative, as 1RG become more stringent, the ability of soil washing to treat
contaminants decreases, rendering RTD less implementable. The amount of soil that can be
treated is the best indicator of the implementability of soil washing. The baseline scenario
allows the broadest implementation, followed by frequent-use, occasional-use, modified
frequent-use, and finally complete excavation, which limits the implementability of soil washing
the most. The implementability of the CAP Alteniative is not affected by changes in applicable
exposure scenarios.

4.2.7 Cost

Because of the relationship of cost to the volume of material treated, disposed and
excavated, the evaluation of cost of the remedial action is very sensitive to changes in exposure
scenarios. The scenario resulting in the largest contaminated and excavated volumes will have
the highest cost. This is the case for the complete excavation scenario. The costs are
significantly higher than the base case (highest overall). Conversely, the modified frequent-use
scenario results in less volume, which results ir less cost relative to the base case (least cost
overall). The frequent-use scenario has greater cost than the base case and the occasional-use
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scenario has less. The cost of the CAP Altern itivo is insensitive to changes in applicable
exposure scenarios.

4.3 IMPACT ON THE EVALUATION OF NEPA ISSUES

The evaluation of potential environmental impacts is based on a discussion of where
changes in exposure scenario would change the environmental impacts described in the Process
Document. As discussed in Section 2.3, only cultural and ecological resources are of primary
concern. Short-term issues must also be discussed but are less likely to have a potentially
significant impact.

The first three resources described below address the majority of the issues in the
guidance for CERCLA evaluations that includ : N-PA. Other NEPA related issues, such as
mitigation measures, irreversible and irretrievuble commitment of resources, indirect and
cumulative impacts, and environmental justice are also addressed below.

4.3.1 Cultural Resources

The No Action Alternative would not te anticipated to disturb cultural resources under
either a frequent-use or an occasional-use scenario. If cultural resources are present at waste
sites, these resources would be left in place and not disturbed. The occasional-use alternatives of
CAP and in-situ treatment would still disturb s:)me volume of land but not the amount of volume
that would be generated as part of a RD or RTD A lternative. The frequent-use RD and RTD
Alternatives would result in an even greater incremental increase in the volume of soil disturbed
and thus result in greater impact to cut resources than the occasional-use scenario. The greatest
difference in volume is between the No Action Alternative and all other alternatives that require
action. Once action is determined to be require 1, the incremental increase in going from one
alternative to another is minimal unless there boco nes a need to "chase" a waste plume, at which
time excavation in previously undisturbed area s could result in a adverse impacts to cultural
resources.

4.3.2 Ecological Resources

The extent of potential impact to ecological resources is related to the surface area (or
footprint) that is disturbed during implementation of the alternative. The No Action Alternative
would not disturb significant land area but would require current and future limitations on land
surface. The waste site area would require some restrictions for an undetermined period of time.
Herbicides would continue to be applied at the waste sites to prevent the uptake of contaminants
by plants. The occasional-use alternatives that include CAP, RD, and RTD would all require the
surface area that exists above the waste plume to be disturbed either through a removal action or
excavation for the installation of a cap. The frequent-use scenarios, with a more restrictive
cleanup goal, would result in a larger area of "v aste" to be removed and thus a larger area of
excavation. In either case, as long as the excavtion is limited to previously disturbed land, then
impacts to native ecological resources would be minimal. However, as in the case with cultural
resources, chasing a waste plume could impact previously undisturbed land surface area. The
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CAP and RTD Alternatives would also requi ed a larger laydown area, treatment system staging
areas, and other stockpiling areas to accommoda'e the material needed for the cap or material
requiring segregation for treatment.

4.3.3 Short-Term Impacts

As the amount of material to be exca ated increases, short-term impacts such as elevated
noise levels, use of utilities, and aesthetics (visual impacts during remedial activities) will occur.
The incremental increase of these short-term impacts need to be considered as part of the
evaluation of the various exposure scenarios.

The short term impacts of No Action vou ld be minimal. Worker safety, noise, etcetera,
would not be of concern for this alternative.

"Those alternatives that require signif carit excavation efforts can be expected to result in
higher rates of work-related accidents For example, the mining and heavy construction
industries experience an average of 43-52 lost workdays per 100 full time employees, per
year, respectively. Although DOE sal ety procedures provide an extra margin of
protection, it can be expected that large excavation efforts will result in impacts to worker
health and safety." (National Safety C ouncil, 1992)

The RTD and RD Alternatives tbr the occasik nal-use or frequent-use scenarios would involve the
performance of excavation related. The treatment associated with the RTD Alternative would add
another step to this alternative than the RD Alternative and thus would involve an incremental
increase in noise, worker safety, etc. The CAP Alternative associated with the occasional-use
scenario involves a different construction tect nique. Although there would be some requirement
for excavation, the CAP Alternative would pr imarily involve the handling and staging of cap
material such as rock, clay, and other barrier material.

4.3.4 Mitigation Measures

The mitigation measures described in he 1rocess Document are general mitigation
measures that may be utilized when avoidance is ;iot possible. These general mitigation measures
are still applicable to all the alternatives discu sed in this Sensitivity Analysis. Alternatives that
require more extensive activity have a greater potential to require some mitigation measures to be
implemented. However, as described earlier, i in ovative remedial action planning should
minimize adverse impacts to the extent practit able.

4.3.5 Irreversible and Irretrievable Commitment of Resources

The irreversible and irretrievable commivitnient of resources discussion contained in the
Process Document also applies to the alternatives discussed in this Sensitivity Analysis. The
CAP Alternative for the Occasional-use exposare scenario should be considered a commitment
of land-to-waste management at the waste site Tie disposal of contaminated soil in the RD and
RTD Alternatives (either the occasional-use o frequent-use scenario) would be a commitment of
land-to-waste management at the disposal site (e., [RDF). Any of the alternatives that include
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a surface barrier or extensive requirements fir clean fill material would be a commitment to
obtain offsite material, with the potential for impacts to cultural and ecological resources. A
commitment of funds and potentially sensitiN e habitats or cultural resources destruction must be
considered as a possibility for any remedial Lction to taLk place at the Hanford Site.

4.3.6 Indirect and Cumulative Impacts

As discussed in the Process Documert, the net cumulative impact to the overall
protection of human health and the environmcnt is expected to be positive. Negative impacts are
expected to be minor and short term. Remed t al ction planning will include the impacts of
remediating multiple waste sites within a local area and thus properly address cumulative and
indirect impacts.

4.3.7 Socioeconomic Impacts

Resources such as socioeconomic, transportation, health care and human services, and
police and fire protection relate to the numbet of workers present and not to the extent of
contamination remediated or the footprint of the remedial action. Even though there would be an
incremental change in the amount of work to se performed, the impacts on health care, etcetera,
evaluated in the Process Document are all relativuly constant (i.e., the number of workers and
the duration of work) will not significantly change, causing an impact to these factors. Issues
such as recreational use and aesthetics, noise, and utilities are affected by the extent of
contamination and the footprint of the remedial action, but are considered secondary impacts that
only occur during the time remedial action is iaking place and do not significantly affect cost or
long term environmental considerations.

4.3.8 Environmental Justice

The assessment on environmental justice c ontained in the Process Document directly
applies to all the alternatives and exposure scenarios utilized in the Sensitivity Analysis.
Environmental justice issues, as discussed in tie Process Document, do not identify any adverse
impacts to a specific group. The Native Americar group was specifically reviewed for
disproportionate impacts and the remnediation alternatives comply with the objectives of the
environmental justice executive order.
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ALTERNATIVE REMOVE AND DISPOSE REMOVE, TREAT AND DISPOSE
EVALUATION

CRITERIA EXPOSURE BASE- OCCA- F MODIFIED COMPLETE BASE- OCCA- I' MODIFIED COMPLETE

SCENARIO LINE SIONAL FREQUENT FREQUENT EXCAVATION LINE SIONAL FREQUENT FREQUENT EXCAVATION

EXCAVATED VOLUME (% change)
- Retention Basin BC (52) 0 (25) 27 BC (52) 0 (25) 27

* Process Effluent Trench BC 0 30 (11) 169 BC 0 30 (11) 169

* Fuel Storage Basin Trench BC (21) 16 (91) 291 BC (21) 16 (91j 291

- Pluto Crib BC 0 37 (31) 106 BC 0 37 (31) 106

CONTAMINATED VOLUME (% change)

* Retention Basin BC (50) 0 (24) 25 BC (50) 0 (24) 25

- Process Effluent Trench BC 0 30 (13) 203 BC 0 30 (13) 203

- Fuel Storage Basin Trench BC (11) 16 (74) 81 BC (11 16 (74) 81

- Pluto Crib BC 0 37 37 106 BC U 37 37 106

DURATION (% change)

- Pluto Crib

* Process Effluent Trench
fi - Fuel Storage Basin Trench

. Retention Basin

BrC 0 0
BC 5 0

BC (45) 6

nfl

(231

(75)

(22)

76

21

BC I I

BC 5 24

BC 1(75) 0

nm Q

(65)

(65) f244(46)

I PIRCFNT TRFATABLF (%

* Retention Basin NA NA NA NA NA 33 0 33 0 0

- Process Effluent Trench NA NA NA NA NA 100 100 100 67 33

* Fuel Storage Basin Trench NA NA NA NA NA 100 100 67 33 0

- Pluto Crib NA NA NA NA NA 33 33 33 0 0

COST (% change)
* Retention Basin BC (51) 0 (27) 19 BC (59) 0 (40) (1)

* Process Effluent Trench BC 0 30 (13) 247 BC 0 30 (3) 193

- Fuel Storage Basin Trench BC 0 16 (77) 248 BC 0 36 (61) 210

* Pluto Crib BC 0 37 10 92 BC 0 37 22 53
Notes:

all values are presented as percentages
(#)=denotes a negative value

0

C

NA = not applicable
BC = base case
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5.0 CONCLUSIONS

This section summarizes the conclusions of this report. As a reminder, the primary
analysis objective of the Sensitivity Analysis was to assess the effects of additional exposure
scenarios on the baseline volumes and costs o reinediation. Related secondary objectives were
to identify the impacts of changing the target Psk basis, and to evaluate the impact of considering
additional exposure pathways. The conclusions discussed in this section are presented in the
context of these objectives.

5.1 SENSITIVITY TO CHANGES IN I ARGET RISK

The baseline, occasional-use, frequent-use and modified frequent-use exposure scenarios
were evaluated for changes in target risk level. (i.e., 10' versus 10-6). The complete excavation
scenario was not evaluated for sensitivity to cbanges in target risk because this scenario was
developed and analyzed as a bounding condition based on a target risk of 10. For the baseline,
occasional-use, and frequent-use scenarios, the protection of groundwater PRG were the limiting
criteria that defines the extent of remediation, ever. under scenarios assuming only occasional use
of the groundwater. Because of this, these scerian s are unaffected by changes in target risk.
Likewise, the 4.5 m (15 ft) maximum excavation I :)r the modified frequent-use scenario
minimizes the effect of changing target risk. I e remedtatton costs and volumes for the four
representative sites were not sensitive to chang es ii target risk.

5.2 PATHWAY ASSESSMENT

The Process Document, 100 Area operable unit-specific IFS, and related QRA rely on a
subset of exposure pathways to assess risk and develop PRG. This subset includes soil ingestion,
dermal contact with soil, inhalation of fugitive :ust or volatiles, ingestion of groundwater, and
external exposure from radionuclides in soil. A full baseline risk assessment usually considers
additional exposure pathways, such as consumption of homegrown produce, ingestion of
sediments, and dermal contact with water. This report includes an assessment of whether
risk levels vary significantly when a full set of exposure pathways are considered in lieu of a
pathway subset.

The findings of the pathway assessment indicated that risk and human health PRG are not
sensitive to the differences between a subset and a full set of exposure pathways. There is not
significant difference between the pre or postremediation risks for the subset of pathways or full
set of pathways. In those few cases where the till set of pathways indicate potential increases in
preremediation risk, the risk is mitigated by renedintion to the human health PRG derived from
the subset of exposure pathways. Based on the rind'ings of the pathway assessment, no change is
recommended for the current exposure pathway approach used in the Process Document and the
100 Area operable unit-specific FFS documents
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5.3 FOCUSED FEASIBILITY STUDI) SENSITIVITY TO EXPOSURE SCENARIOS

Based on the analysis of the four representative sites and the Area-wide estimate,
exposure scenarios are not sensitive to changes in target risk levels, nor are they sensitive to
expanded exposure pathways. Therefore, the remaining evaluations in this report were
performed using a 10-6 target risk level and the subset of exposure pathways. Furthermore, the
exposure scenario comparisons were performed on the basis of current PRG. These PRG are
appropriate for purposes of the FFS documentation and this appendix; however, as available
site-specific infornation is refined and decisions about acceptable cleanup objectives are made,
the PRG will change. Thus, the current PRG are iot appropriate as the bases for final cleanup
criteria.

The points of compliance for IRM an( firal remediation have not yet been established;
therefore, assumptions were made in the Sen;itix ity Analysis for each exposure scenario. For
example, all scenarios assume that ambient w iter quality criteria in the river (the assumed point
of compliance) would not be exceeded. Anot-ler assumption for some scenarios is that
groundwater is currently suitable for drinking water; therefore, remediation of the soils should be
based on protection of that pristine resource. In reality, the groundwater has already been
impacted beneath most of the waste sites.

Various models were used for PRG de velopment and cost estimating. These models
employed assumptions that could require further refinement before actual cleanup criteria can be
determined. However, because the assumptio is and models were applied consistently for all
exposure scenarios, the analyses presented in 1 his report are valid as a basis for a relative
comparison of scenarios.

5.3.1 Key Results

Specific findings relating to the sensitiv/ity of volume and cost to different exposure
scenarios is discussed in Section 5.3.1.1. Section 5.3.1.2 discusses the relative sites of the
CERCLA criteria to differing exposure scenar os.

5.3.1.1 Volume and Costs. The Sensitivity Analysis found that the selection of exposure
scenario can have a considerable impact on total remediation volumes and costs. For summary
purposes, the 100 Area-wide roll up of volume s and costs have been used in the discussion
below.

The Sensitivity Analysis indicates that he occasional-use scenario results in the lowest
CV, approximately 2,900,000 m' (102,410,000 ft'). This CV is over 1,000,000 m3 (35,314,000
ft3) less (27%) than the base case (FFS) scenario, which had a CV of nearly 4,000,000 m3

(141,256,000 ft3). The exposure scenario with the second lowest CV is the modified frequent-
use scenario, which results in over 600,000 m3 (21,188,000 ft3) less CV than the baseline
scenario. The frequent-use scenario had only a slightly larger CV than the baseline scenario.
The complete excavation scenario had the largest CV, nearly 4,900,000 m3 (173,039,000 ft').
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Excavation volume is dependent on CV aad, there fore exhibits similar sensitivities to
changes in the exposure scenario; however, the scenarios with the greatest extent of excavation
(e.g., complete excavation) result in a disproportionate increase in excavation volume over
contaminated soil volume. That is, the ratio (f EV over contaminated soil volume becomes
increasingly larger as lower PRG are considejed. The cost analysis indicates that waste disposal
is the primary component of both the RD and RTD costs. Because disposal cost is proportional
to volume, the cost sensitivity was found to b: similar to the volume sensitivity. In addition, the
RTD cost varied in a similar manner as the RD) costs: therefore, the following comparisons were
made using only the RD costs.

For the RD Alternative, the exposure ,cenario resulting in the least cost was the
occasional-use scenario, with an estimated total cost of nearly $1.7 billion. Although this cost
was only 22% less than the baseline scenario, the cost difference amounts to nearly $500 million.
The modified frequent-use scenario had a cos, slightly larger than the occasional-use scenario.
The third ranked exposure scenario was the baseline scenario with an estimated cost of over $2.1
billion. The frequent-use scenario was slightl y larger than the baseline scenario (approximately
$70 million more). Similar to the volume compaiison, the complete excavation scenario results
in the highest remediation cost of over $3 bill, on. This cost is $900 million more than the cost of
the baseline scenario and $1.4 billion more thmn the cost ofthe occasional-use scenario.

Under the baseline scenario, the CAP Alternative cost nearly the same as the RD
Alternative ($2.2 billion). Under the occasional-use scenario, the CAP Alternative is 23% more
expensive than the RD Alternative.

5.3.1.2 CERCLA Criteria Comparison. A omparative analysis of the exposure scenarios was
performed based on the standard CERCLA cri teria to assess the occasional-use, frequent-use,
modified frequent-use, and complete excavati n scenarios relative to the baseline scenario. The
three remediation methods included in the ana ysi; were CAP, RD, and RTD. In general, the
comparative analysis indicates the following:

- Overall protection of human health anc the environment and compliance with ARAR are
not sensitive to changing exposure scenarios.

- Short-term effectiveness and cost criteria are sensitive to changing exposure scenarios for
both RD and RTD. The key factor responsible for this sensitivity is changes in volume
across scenarios, which can significantly influence near term worker risk, project
duration, local ecological and cultural resource impacts, and overall project costs. The
short-term effectiveness of the CAP Al ernative is not significantly influenced by changes
in exposure scenarios.

- Long-term effectiveness and permanente; reduction of toxicity, mobility and volume
through treatment; and implementabilit v are sensitive only to changing exposure
scenarios for RTD; they are not sensitix e t( scenario changes for RD. The key factor
responsible for this sensitivity is the PR G c ifterences across scenarios, which
significantly influence the appropriatensss And effectiveness of soil washing treatment.
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The long-term effectiveness and permanence of the CAP Alternative is not significantly
influenced by changes in exposure scenarios.

The CERCLA criteria evaluations affected by PRG are also highly dependent on
exposure scenarios because exposure pathways, remediation durations, depths, and risk are the
primary factors affecting the PRG. The appliation of demonstrated and easy-to-conduct
treatment technologies could help mitigate th s sensitivily, particularly in the area of
implementability, and thereby reduce the influence of changing exposure scenarios. However,
PRG decisions, which will rely heavily on exposure scenarios, have the most effect on the
performance and effectiveness of RTD remedial options

5.3.2 General Trends

The primary trend observed in the Sensitivity Analysis is that remediation of soils to
levels protective of groundwater is the primary factor influencing the remediation volumes and
costs; this trend is discussed in more detail in Section 5.3.2.1. Section 5.3.2.2 addresses other
significant trends and conclusions relevant to exposure scenario sensitivities.

5.3.2.1 Influences of Groundwater Use. Ex posure scenarios, which include protection of
groundwater use, result in greater volumes of contaminated soil than scenarios designed
primarily to protect against exposure to contaminated surface and near-surface soil. For
example, there is a significant difference between the conlaminated soil volumes for the
frequent-use and modified frequent-usc scenai ios. both scenarios are based on the assumption of
frequent lu d surface use, but the modified frequent-usc scenario assumes drinking water could
be obtained from the Columbia River, resulting in a significantly lower contaminated soil
volume and cost. The reduction in contamina'ed soil volume between the baseline scenario and
the occasional-use scenario is also substantial (m re than a 40% reduction in contaminated soil
volume).

For scenarios where groundwater is assumed as the drinking water source, the land
surface use plays a much smaller role in detennining contaminated soil volumes. This is
demonstrated by comparing the baseline scenario to the frequent-use scenario (the increase in CV
is less than 5% when land surface use changed from occasional- to frequent-use.)

For scenarios where use of groundwater as a drinking water source is prohibited, the
specified land surface use is the key factor infuencing the volume of contaminated soils
requiring remediation. For example, between he occasional-use and modified frequent-use
scenarios, the modified frequent-use scenario (where groundwater use is restricted) has a larger
CV, even though groundwater is used under the o( casional-Lise scenario. As another example,
although the baseline scenario includes only occasional use of the land surface, the associated
CV is significantly higher than for the modified frequent-use scenario; this appears to be almost
entirely attributable to the inclusion of groundwate-r use ii the baseline scenario.

The sensitivity of remediation costs to . hanging exposure scenarios follows the same
trends described above for the sensitivity of volumes. Any minor differences are primarily
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attributable to variabilities in excavation volu ne, which depend on the predicted depth of
contamination and geometry of the waste mavagcment sites being considered.

Given the sensitivity of remediation costs to groundwater use assumptions, a careful
evaluation of future groundwater use options nust be an essential component of developing
long-term remediation strategy for the 100 Ar sa.

5.3.2.2 Other Significant Trends. Several ( the significant trends are listed below:

The majority of the volumes and costs are associated with waste management sites in the
Retention Basin Representative Size Croup-(it;.,-very large). This is significant, because
although only 15 Retention Basin-size waste sites are identified out of the total inventory
of 236 sites (approximately 6% of the otal number of sites), these sites account for about
50% or more of the total volumes and costs, regardless of the exposure scenario. Based
on this finding, a proportionately higher level of attention should be paid to the
remediation strategy for larger waste n anagement sites.

- The 70 waste management sites currenLly identified as candidates for IRM (30% of the
total inventory of 236 sites) account for a majority of the volumes and costs, typically in
the range of about 60% to 75%. This finding indicates that attention has been
appropriately focused on the candidate IRM sites.

- Although volumes and costs for scenario insensitive sites are not affected by changes in
exposure scenarios, these sites represent a significant contribution (on the order of 30% to
50%) to the total volumes and costs. Based on this finding, other factors influencing the
volume and cost associated with cleanip of scenario insensitive sites (e.g., cleanup goals,
remediation alternatives) should be a p -imiry focus of attention for future investigation
and cleanup decisions at scenario insersitive sites (e.g., burial grounds, landfills).

- Cost differentials between RD and RTJ) ar_ only slightly sensitive to exposure scenarios;
typically the difference is in the range e f 10% to 20%.

* The CAP Alternative is more cost effe( tivt than RID and RTD when the depth of
remediation is controlled by protection of Iroundwater. When the protection on human
health controls the remediation depth, tie CAP Alternative has the potential to be more
expensive.
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ATTACHMENT I
PATHWAY ASSESSMENT FOR THE 100 AREA FOCUSED FEASIBILITY STUDY -

SENSITIVITY ANALYSIS

1.0 INTRODUCIJON

The pathway assessment addresses the risk assessment methodology used to develop
PRG for protection of human health. The PRG were used to estimate the volumes of soil at sites
to be addressed by the remedial alternatives iii the FFS. PRGs developed for the 100 Area FFS
are intended to achieve RAO for protection o hu nan health and the environment.

1.1 PURPOSE

The purpose of the pathway assessmeit is to verify that the risk assessment methodology
used in developing PRG result in PRG that ac iev e the RAG. The pathway assessment evaluates
the range of possible exposure pathways to idvnti Fy those pathways providing the largest
contributions to total site risks. The PRG ach evc the RAO to the extent that they are based on
the exposure pathways providing the largest c )ntr ibutions to site risks.

1.2 BACKGROUND

PRG are numeric expressions of the RAO and establish initial concentrations that are
protective of human health and the environriment for the defined exposure scenario (DOE-RL
1994a). These initial concentrations are usec to evaluate the extent of contamination at a site
and define the volume of waste or contarnina ed soil to be addressed by remedial alternatives.

Calculation of the PRG associated with a particular exposure scenario involves
identifying the potential receptors (i.e recreational or residential) and the exposure pathways
associated with the scenario. The PRG developed in the 100 Area Process Document
(DOE-RL 1994b) for estimation of remediati on % olumes and costs were based on a specific
subset of the total number of exposure pathwaiys 1hat could be considered in a risk assessment.
Exposure pathways used in the development of the PRG are consistent with those used in the
QRAs performed for the 100 Area operable units. However, this approach raises the concern
that a subset of exposure pathways may unde estimate human health risks and that the PRG
used in the Process Document may not be prstec ive of human health.

1.3 PATHWAY ASSESSMENT APPROACII

The pathway assessment compares human health risks calculated using the subset of
exposure pathways and the full set of exposure pathways. These comparisons were made for
the four representative sites addressed in the sensitivity analysis report. The results from the
pathway assessment are used to determine if he subset of exposure pathways selected to
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develop PRG in the Process Document adequately address human health risks associated with
the full set of exposure pathways. The pathway assessment involves the following steps:

. Develop a methodology to estimate e xposures and health risks through each of the
pathways described below.

- Estimate total site risks (i.e.. health risks associated with all contaminants detected at a
site) for the four representative sites based on the maximum concentrations detected.
Health risks are were estimated assuming potential exposure either through the subset
of pathways or the full set of pathways.

. Estimate site risks for the four representative sites based on the maximum
concentrations remaining in soil following excavation where the extent of excavation
assumed is predicted on the basis of PRG developed from the subset of pathways.

Human health risks are calculated in the pathway assessment using the risk assessment
methodology presented in the Hanford Site Risk Assessment Methodology (DOE-RL 1995).
The risk assessment methodology is based on a series of conservative assumptions, simplified
models, and interpretations of site data that thnd to overstate the magnitude of health risks
associated with contaminants detected at the site Numerical risk estimates developed in this
report are not predictions of actual health ou comes. These risk estimates are calculated in a
manner that overestimates risk, and thus any actual risks are likely to be lower than these
estimates and may even be zero. This risk a sessment methodology (DOE-RL 1995) consisted
of the following elements:

- Describe the exposure scenarios used to estimate health risks associated with
contaminants at the representative sit .

- Describe the exposure pathways assoc iatvd with each exposure scenario

- Estimate the exposure concentrations )f contaminants in different media (soil, air,
surface water, groundwater and biota' through which potential receptors could become
exposed via the pathways for each exposure

- Estimate the contaminant intake rates through the exposure pathways

. Characterize potential human health r sks associated with estimated contaminant intake
rates, using toxicity factors described in DOE-RL (1995).

The results obtained from this methodology are used to identify the contribution of
different pathways to total risk in each exposure scenario, identify the contaminants providing
the largest contributions to total site risks at te four representative sites, and make a
comparison between the risks calculated with the full set of exposure pathways and risks
calculated with the subset of exposure pathways.
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The pathway assessment is not intenced to determine if final cleanup criteria should be
developed from a subset of exposure pathways. However, a secondary objective of the
pathway assessment is to identify those exposure pathways that should be considered in
developing final site cleanup criteria.

1.4 DOCUMENT OVERVIEW

The pathway assessment is presented in the following sections. The contents of each
section are described below.

Section 2.0, Evaluation of Exposure Pithway Selections. This section describes the
different exposure scenarios considered in the pathway assessment and describes the
rationale for how exposure pathways are selected for each scenario.

- Section 3.0, Exposure/Risk Calculation Methodology. This section presents the
methodology used to estimate exposuress and health risks for each exposure pathway.

- Section 4.0, Exposure Pathway Contributi )n to Contaminant-Specific Risks. This section
presents the contribution of each expo ure pathway to total risk associated with each
contaminant and identifies those pathways providing the largest contributions to risks for
each contaminant

. Section 5.0, Evaluation of Pre-remediation and Post-remediation Risks. This section
calculates health risks associated with contaminants detected at the four representative
sites. This section compares the calculated health risks with the health risks associated
with concentrations remaining in soil following excavation where the extent of
excavation assumed is predicted on the basis of PRGs developed from the subset of
pathways.
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2.0 EVALUATION OF EXPOSURE PATHWAY SELECTIONS

Guidance for selecting exposure path ways to be evaluated in risk assessments
performed at the Hanford Site is found in D9E RL (1995). DOE-RL (1995) prepares risk
assessments consistent with current regulatiP ns and guidance pursuant to the Tri-Party
Agreement. The QRA methodology, preser ted in Section 5.0 of DOE-RL (1995), provides
additional guidance on selection of exposure pathways for risk assessments. The QRA
methodology provides the approach for perform ing risk assessments in support of an IRM
path. The QRA methodology was used to d we op PRG for the 100 Area Process Document
consistent with those used in performance o1 QRAs for the 100 Area operable units on the
IRM path.

For purposes of the pathway assessment, the exposure pathways described in the
conceptual model for human exposure assess me it in DOE-RL (1995) (Figure 3-4) are
considered the full set of pathways; the exposure? pathways described in the QRA methodology
are considered the subset of pathways. The following sections describe how exposure pathway
selections are made in DOE-RI4 (1995) and the QRA methodology.

2.1 EXPOSURE PATHWAY SELECT IONS IN THE HANFORD SITE RISK
ASSESSMENT METHODOLOGY

Exposure pathways described in DOI-Ri. (1995) are considered either primary or
secondary pathways for Hanford Site risk assessments. Primary pathways should be evaluated
quantitatively for a specific scenario (i.e. health risks should be calculated for exposures
potentially occurring through primary pathways). The following are considered the risk-
driving pathways at hazardous waste sites (DOE 1995) and should be evaluated for all
scenarios:

a Soil ingestion
- Inhalation of fugitive dust or volatiles
- Ingestion of water (either surface water or groundwater)
a Dermal contact with soil
. External exposure from radionuclides in soil.

Several biota pathways have also beei selected as primary exposure pathways for
specific scenarios. For recreational and resicential receptors, the biota pathways that are
considered primary pathways are:

* Consumption of Columbia River fish
- Consumption of homegrown produce.

Secondary pathways are those that shxuld be qualitatively evaluated, at a minimum, but
may be quantitatively evaluated based on site characterization, contaminant characteristics and
contaminant migration. Secondary pathways are
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- Ingestion of sediment
- Dermal contact with sediment
- Inhalation of volatiles from water
- Dermal contact with water.

Secondary pathways are considered i DOE-RIL (1995) to potentially contribute less to
overall risks than primary pathways.

2.2 EXPOSURE PATHWAY SELECTIONS IN THE QUALITATIVE RISK
ASSESSMENT METHODOLOGY

The QRA evaluates risks for high-priority waste sites at an operable unit using
available site data to support decision-making for IRM. The QRA evaluates health risks for
two exposure scenarios defined as frequent-use and occasional-use. These scenarios use
exposure assumptions that are identical to those presented for the residential and recreational
exposure scenarios defined in DOE-RL (1995). Within the context of the QRA, these
exposure assumptions are not intended to define a particular land use setting but instead are
used to represent bounding estimates of potential site risks.

The exposure pathways that are evaluated in the QRA are a subset of those described in
DOE-RL (1995). These are considered to bc the exposure pathways providing the largest
contributions to total site risks. The pathway s evaluated in a QRA are:

- Soil ingestion
* Inhalation of fugitive dust or volatiles
- Ingestion of water (either surface watitr or groundwater)
- External exposure from radionuclides in soil.

2.3 EXPOSURE PATHWAYS EVALUATED IN THE PATHWAY ASSESSMENT

The exposure pathways evaluated in the pathway assessment for each exposure scenario
are summarized in Table 1-1. Pre-remediatior: risks for zone 4 soils were not calculated because
zone 4 PRG were based on MCLs, which are r n ARAR and are accepted as being protective of
human health.
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3.0 EXPOSURE/RISK CALCULATION METHODOLOGY

The elements of the exposure/risk calculation methodology are as follows:

- Exposure assessment
- Toxicity assessment
- Risk characterization.

The exposure assessment in the pathway assessment is conducted in a manner similar to
that described in Section 3.2 of DOE-RL (1995. Procedures for toxicity assessment consist of
identification and selection of contaminant-specific toxicity factors as described in Section 3.3
of DOE-RL (1995). Characterization of health risks associated with contaminants detected at a
site involves combining the results of the toxicity and exposure assessments to provide
numerical estimates of potential health risks, as described in Section 3.4 of DOE-RL (1995).
For purposes of the pathway assessment (i.e., comparing risks associated with the subset and the
full set of exposure pathways), health risks are characterized as incremental cancer risks (ICR)
associated with carcinogenic or radioactive contaminants at the four representative sites.
Noncancer hazard quotients are not calculated for the pathway assessment. Calculation of ICR is
considered adequate for the purpose of comparing risks across different sets of exposure
pathways.

3.1 EXPOSURE ASSESSMENT

The exposure assessment provides an istimation of contaminant intake for the pathways
associated with the different exposure scenarios. Contaminant intakes are estimated by
combining exposure concentrations of contaminants in different media (soil, air, surface water,
groundwater and biota) with intake factors presented in Appendix A of DOE-RL (1995). These
intake factors are presented in Table 1-2. Exposure concentrations in soil are obtained directly
from the sampling and analytical data from the four representative sites. Exposure
concentrations in the other media are estimated from the concentrations in soil at the four
representative sites using modeling. The leve' of sophistication in the modeling effort is
consistent with the objectives of the pathway assessment, the available data, and the required
accuracy of the results. To the largest extent possible, simplified modeling approaches were used
in the pathway assessment. The exposure assessment methodology used for the exposure
pathways presented in Table 1-I is described u the following sections.

3.1.1 Soil Ingestion

Soil ingestion exposure to either chem cal contaminants or radionuclides is estimated as
follows:

/ = C x SI

where

DAI-8



DOL ./RI.-94-61
Rex. 0 1 i

I = Intake (mg/kg-day or pCi)
C = Concentration in soil (mg/kg or p('i/g)
SI Soil ingestion intake factor from T able 1-2

3.1.2 Dermal Contact with Soil

DOE-RL (1995) provides no guidanct on estimating the dermal absorption factors from
soil (ABS) for use with the dermal contact wi h soil exposure factor in Table 1-2. In most cases
there are scientific limitations in evaluating qtiantitatively the exposure from dermal contact with
soil. EPA recommends using ABS values for quantitatively evaluating exposure from dermal
contact with soil only for dioxins, PCBs, and zadmium (EPA 1992a). In the absence of
appropriate ABS values, the following procedure was used for estimating exposure from den-nal
contact with soil:

- For volatiles and inorganics, dermal absorption is considered negligible relative to
ingestion and/or inhalation exposures.

- For semivolatiles, a default of 10% dei ma absorption is assumed. At this % absorption,
the intake from dermal contact with so 1 is estinated to equal the intake from soil
ingestion using the best estimate default exposure assumptions presented in EPA (1992a).
This approach is consistent with the approch used by various EPA regional areas for
developing PRG (EPA 1994).

3.1.3 Inhalation

Exposure concentrations in air are estimated using assumptions presented in Appendix A
of the Process Document (DOE-RL 1994b). Exposure concentrations in air from contaminant
concentrations in soil are estimated assuming an average dust particle concentration of 50 ug/m3

in air at a site, and that all of the dust in the air originates from contaminated soil (DOE-RL
1994a). With these assumptions, concentrations of radionuclides in air are estimated as follows:

C, = C. x 50ug/n 3 
x 106 glug

where

C = Contaminant concentration in a r (pCi/m')
C,= Contaminant concentration in soil (pCi/g)

Concentrations of chemical contaminants in ai w re estimated as follows:

C aC x 50ig/n' x 10'kg/ug

where
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Ca = Contaminant concentration in air (mg/M3)

C,= Contaminant concentration in soil (mg/kg)

Intake from inhalation exposure was estimate d a followxs:

= Cx INH

where

I Intake (mg/kg-day or pCi)

Ca Contaminant concentration in ,ir (mg/M3 or pCi/M3)
INH = Inhalation intake factor from 'I able 1-2.

3.1.4 Groundwater Ingestion

Exposure concentrations in groundwaier potentially resulting from the migration of
contaminants in soil are estimated using the Summers model and the accompanying assumptions
are presented in Appendix A of the Process Document (DOE-RL 1994b). Contaminant intake
from groundwater was estimated as follows:

I=( GWI

where

I = Intake (mg/kg-day or pCi)
CgW = Contaminant concentration in groundwater (mg/L or pCi/L)
GWI = Groundwater ingestion intake factor from Table 1-2

3.1.5 Groundwater Dermal Contact

Intake from dermal contact with groundwater is calculated only for nonradioactive
chemical contaminants DOE-RL (1995) does not include an intake factor for dermal contact with
radionuclides. The dermal permeability coefficients (K,) values were obtained from EPA
(1992a), and are presented in Table 1-3.

Intake from dermal contact with groundwater vas estimated as follows:

I = C GWDC x K

where

I Intake (mg/kg-day)
Cgw Concentration in groundwater, cstimated with the Summers model (mg/L)
GWDC= Intake factor for groundwater dermal contact from Table 1-2.
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3.1.6 Surface Water-Related Pathways

Surface water-related pathways are su-facs water ingestion, dermal contact with surface
water, and ingestion of fish. Estimation of intake through each of these exposure pathways
requires an exposure concentration in surface water.

3.1.6.1 Estimation of Exposure Concentrations in Surface Water. Contaminant
concentrations in surface water could arise fr m runoff of soil from sites and from influx of
groundwater to surface water.

The movement of contaminated soil tc so face water is described using the Universal Soil
Loss Equation (USLE). The USLE is an empirically derived formula based on erosion field
research data that considers 1) the erosive force o'precipitation on soil particulates; 2) the
tendency for soil particulates to be transportec by precipitation; 3) the combined effects of slope
length and gradient on soil particulate transpo A; and 4) soil loss under different vegetative
conditions. The USLE provides annual-average estimates of soil loss from a site. The USLE is
expressed in the following form:

A = Rx} xixCx!

where:

A average-annual soil loss (tons/lectare-year)
R Rainfall erodibility factor (J/ha i
K = Soil erodibility factor (ton/J)
LS = Slope length and steepness factor (dimensionless)
C vegetative cover factor (dimensionless)
P Erosion control practices factor (dimensionless).

The parameters for the USLE were developed fro data presented in the Remedial Action
Priority System (RAPS): Mathematical Formulations (Whelan et al. 1987). These parameters are
described in Table 1-4.

Assumptions used to calculate contami ian: runoff to surface water are summarized in
Table 1-5.

The annual average sediment runoff to the river is calculated with the USLE to be
1.92 tons/ha-yr. This sediment runoff is assumed 10 occur from an area 800 ft x 800 ft, the
surface area of the Site 116-C-5 retention basi s; this assumption was used in the Process
Document (DOE 1994b). Contaminant loading to surface water from surface runoff was
calculated as follows:

f :C x 0.0C I glng x A SA

where
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M. = Contaminant mass entering si rface water (g/yr or pCi/yr)
C, Concentration in surface soil (mg'kg or pCi/g)
A = Sediment runoff from USLE (kg/ha-yr)
SA = Surface area from which sediment runoff occurs (ha).

Influx of groundwater contaminants t) surface water is estimated by combining
groundwater contaminant concentrations with estimated groundwater influx rates. Groundwater
contaminant concentrations originating from contaminant concentrations in soil are estimated
using the Summers model. An estimate of the groundwater influx to surface water of 0.08 m3/s
was obtained from the 100-BC FFS work plan (DOE-RI 1 993). Influx of radionuclide
contaminants to surface water is estimated as follows:

C x C.00 L/M 3 , (1.08m 3/s

3.1 7E-08s/vr

At the U.S. Department of Energy, Ri zhland, Washington, the concentration in
groundwater is in units of pCi/L. Influx of chemical contaminants to surface water was
estimated as follows:

C x< 0.001 L/: 0.001g/mg x 0.08m'/s
M - - _ _

3.1"E 08s/yr

where the concentration in groundwater is in units of mg/L.

Concentrations in surface water are esiimuted using a low-stage flow rate for the
Columbia River of 1,020 m3/s (DOE-RL 1995). Contaminant concentrations in surface water are
estimated as follows (EPA 1988):

C- x 1,)00 ng/g x 3.17E-08s/yr
I Q

where Q is the flow rate of the river

Concentrations of chemical contaminants in fish are estimated from concentrations in
water using a contaminant-specific bioconcentration factor (BCF). BCF values for selected
contaminants were obtained from EPA (1979) Radionuclides without readily available BCF are
assumed to have a BCF of 1,000. BCF values are presented in Table 1-6.

Concentrations of chemical contaminants in fish were estimated as follows:

C=i <BCF

where

cc= Concentration in fish (mg/kg)
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CM = Concentration in surface water (mg/L)
BCF Bioconcentration factor (L/kg)

Concentrations of radionuclide contan inants in fish are estimated as follows:

C) = Csw x BC x 0.001kg/g

3.1.6.2 Contaminant Intake from Surface Water-Related Pathways. Contaminant intake
from surface water ingestion and dermal contact with surface water is calculated in a manner
similar to intake from groundwater ingestion and dermal contact with surface water, except that
the surface water intake factors are used in the intake equations. Contaminant intake from fish
ingestion is calculated as follows:

f = Cf x FI

where

I Intake (mg/kg-day or pCi)
Cf Concentration in fish (mg/kg oi pCi/g)
FI = Fish ingestion intake factor.

3.1.7 Sediment-Related Pathways

Sediment-related pathways are sediment ingestion and dermal contact with sediment.
Contaminant intake through these pathways is calculated in a manner similar to soil ingestion
and dermal contact with soil, except that different intake factors are used in the intake equations.
Simplified models are not available for estimating contaminant concentrations in sediments
associated with runoff from soil. Therefore, the exposure concentration in sediment is assumed
to be the same as the concentration in soil at th2 site.

3.1.8 Crop Ingestion

Estimation of contaminant intake through i igestion of fruits and vegetables from a
backyard garden requires estimates of concentrations in vegetation resulting from uptake from
soil. The methodology for estimating concentrations of elements and radionuclides in vegetation
was derived from Baes et al. (1984). Baes et al. (1984) is recommended for this purpose by EPA
(EPA 1989).

Quantification of radionuclide and element transport involves parameters describing soil-
to-plant uptake for vegetative growth (leaves and stems), B,; and nonvegetative growth (fruits,
seeds and tubers), B,. Root uptake of elements or iuclides incorporated into the surface horizon
of soil is parameterized as follows:
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and

C
C

where

B,= Soil to plant transfer coefficient for vegetative portions of food crops
Br = Soil to plant transfer coefficient for nonvegetative (reproductive) portions of food

crops
C,= Concentration in vegetative portions of food crops (dry weight basis) at edible

maturity
C, = Concentration in nonvegetativ : portions of food crops (dry weight basis) at edible

maturity
C, = Concentration in soil in root zone

Leafy vegetables are the only food group for which B, is the appropriate transfer
parameter. Nationally, leafy vegetables comprise a relatively small portion of food crop
production and are assumed to be insignificar t compared with other fruits and vegetables.
Therefore, assessment of exposures and health risks through this pathway is based solely on B,.

These transfer parameters are estimated on a dry crop weight basis. However,
contaminant intake is estimated on a fresh weight basis. Therefore, B, values tabulated in Baes et
al. (1984) were adjusted by a dry-to-wet weight conversion factor for use in estimating
contaminant intake from crop ingestion. Baes et al. (1984) recommends a value of 0.428 g dry/g
wet for this conversion. These transfer parameters are summarized in Table 1-7.

Uptake of organic compounds from sod tc plants is dependent upon the solubility of the
contaminant in water, which is inversely prop )rtional to the octanol-water partition coefficient
(K..) (Travis and Arms 1988). The uptake fa( tor for an organic compounds (B) can then be
calculated from the following regression equa ion

B = 1.588 0.5781ogK,

This equation is based on the uptake factois estimated for 29 chemicals (Travis and Arms
1988). K,, values for the four organic contaminants were obtained from EPA (1979). The K0 w
and B values are summarized in Table 1-8

Intake factors in DOE-RI. (1995) are e timated separately for "fruits" and "vegetables."
These values are summed in developing the imake factors used in the pathway assessment
because the transfer parameters do not recognike this distinction between "fruits" and
"vegetables." All nonvegetative portions of fo d crops are considered in developing the intake
factor. Contaminant intake through crop ingestior is then estimated as:

I = 7 CI
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where

I = Intake (mg/kg-day or pCi)
C, Concentration in fruits and vegetables (mg/kg or pCi/g)
CI Crop ingestion factor presented in Table 1-1.

3.1.9 Exposure Assessment Summary

The exposure concentrations in different media are calculated on a "unit concentration"
basis (i.e. concentration in groundwater, air, surface water, or biota per mg/kg or pCi/g in soil).
These exposure concentrations are summarize d in Exhibit 1.

3.2 TOXICITY ASSESSMENT

Toxicity factors used to characterize htalt1 risks associated with estimated contaminant
intakes are obtained either from the EPAs Integrated Risk Information System (IRIS) database,
or from the health effects assessment summary tables (EPA 1992b). As discussed previously,
health risks were characterized as increased c, ncer risks (ICR). The estimated ICR from
potential exposure to a carcinogenic contaminant or radionuclide through each exposure pathway
is calculated as follows:

ICR = Jitak? x SF

where SF is the slope factor in units of (mg'kg-da )-' orp(:i'. Estimated ICR for all pathways
are then summed to obtain the contaminant-spcitic ICR. Contaminant-specific ICR are then
summed to obtain the total site risk associated with contaminants in soil at a specific site.

The factors used in the pathway assess ner t are summarized in Exhibit 2.

DA - 15



D)OK/RL-94-61
Rev. 0

4.0 EXPOSURE PATHWAY CONTRIBUTION TO CONTAMINANT-SPECIFIC RISK

ICR for each carcinogenic contaminant o radionuclide, summed across all exposure
pathways, were calculated for a concentratioi in soil of either 1 pCi/g or I mg/kg. For each
exposure scenario (frequent-use or occasionai-use), contaminant-specific risks were summed
across the full set of exposure pathways and the subset of exposure pathways. The results from
this evaluation are summarized in Exhibit .

Contaminant-specific risks do not differ between the full set and the subset of exposure
pathways except for those contaminants described below. Under the frequent-use scenario,
contaminant-specific risks calculated with the full set of exposure pathways are 3-fold greater for
9 0Sr and Aroclor 1260, 7-fold greater for benzo(alpyrene, and 4-fold greater for chrysene and
pentachlorophenol, compared with the corresponding contaminant-specific risks calculated with
the subset of exposure pathways. Under the cccasional-use scenario, contaminant-specific risks
calculated with the full set of exposure pathways are less than 3-fold greater than risks calculated
with the subset of exposure pathways. The risks associated with 90Sr are greater because the crop
ingestion pathway represent a large percentags of total risk for that contaminant. The risks
associated with the organic contaminants are greater because the crop ingestion and dermal
contact with groundwater exposure pathways reptesent large percentages of total risks for those
contaminants. However, these differences in risks between the two sets of exposure pathways
would become discernable only for sites wher. these contaminants were predominant in soil.
For most of the remaining contaminants, the extemnal exposure or the groundwater ingestion
exposure pathways represent a large percental e o the total contaminant-specific risk. These two
exposure pathways are common to both the sLuse and the full set of pathways.
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5.0 EVALUATION OF PRE-REMEDI 4TION AND POST-REMEDIATION RISKS

5.1 PRE-REMEDIATION RISKS

Pre-remediation ICR for the four rep :esentative sites are summarized in Exhibit 4. The
ICR presented in these tables represent risks summed across the maximum concentration of
each contaminant detected at a particular def th.

The results presented in Exhibit 4 indicate that there are relatively few differences in ICR
estimated using either the subset or the full set of exposure pathways for the four representative
sites.

Exhibit 4 summarizes the percent coniribetion to total ICR from different contaminants
detected at the representative sites. The contaminant providing the largest contribution to total
site risk at Site 116-B-1 is 1 2Eu, with lesser contributions from 60Co and .. 7Cs. The contaminants
providing the largest contributions to total sit( risk at Site I 16-C-5 are ..2Eu, " 4Eu, 60Co and
1 7Cs. The contaminants providing the largest contributions to total site risk at Site 116-D-lA are
'52Eu, 154Eu, lrCs, 226Ra, and ..Th. The contaminants providing the largest contributions to total
site risk at Site 116-F-4 are 117Cs, 90Sr and arsenic

As shown in Exhibit 3, contaminant-sl eci1c risks for contaminants driving risks at the
four representative sites are driven mostly by ihe external exposure (i.e. from ' 2Eu, " 4Eu, '37Cs,
and 60Co) and groundwater ingestion exposure pathways (i.e., from 228Ra and arsenic). These
two pathways are included in the subset of pathways; therefore, increased cancer risks associated
with contaminants in soil are unlikely to be seisitive to the additional pathways considered in the
full set of pathways.

Evaluation of the pre-remediation risks at the representative sites suggests that a limited
number of contaminants and pathways drive estimates of total site risk. In the case of 90Sr, the
pathway contributing greatest to estimated increased cancer risk is the crop ingestion pathway.
However, risks from 90Sr that occurs in soil alcng with 'Cs are masked by the risks associated
with "'Cs. unless 9"Sr was present at far higher co icentrations than " 7Cs; at equivalent
concentrations, "'Cs is associated with a higher ICR than 9 Sr, as shown in Table 1-8.

5.2 POST-REMEDIATION RISKS

Site risks were estimated for the foui rcpresentative sites, based on the maximum
concentrations remaining in soil following excavation. The extent of excavation assumed is
predicted on the basis of PRG developed from the subset of pathways. The purpose of this
evaluation is to determine if a PRG developed from the subset of pathways provided the same
magnitude of risk reduction for risks estimated frorn either the subset or full set of exposure
pathways. The risks presented in this section do not reflect the risk levels that could be achieved
following remedial action. The risk levels that could be achieved following remedial action
depend upon future use of the site. In many cases, remedial exposure to human receptors and
post-remediation risks could be zero-
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Risks associated with excavated soils are assumed to be reduced to zero (the excavations
are assumed to be backfilled with clean soil) risks associated with contaminants below the
maximum depth of excavation are unchange. In the case of the four representative sites, the
PRG resulted in an excavation depth of at lez st 3 m (10 ft); therefore, contaminants in zones 1
through 3 would be removed. Note that post-renediation risks for zone 4 soils, because zone 4
PRG were based on MCLs, which are an AR kR and are accepted as being protective of human
health.

Since PRG result in excavation to at ILast a depth of 3 m (10 ft) for the four representative
sites, post-remediation risks do not differ substantially between the scenarios based on the subset
of pathways and the full set of pathways for vl oF the representative sites.
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Table 1-1. Exposure Pathways Fvaluated in the Pathway Assessment.

Exposure Pathway

Soil Ingestion

Dermal Contact with Soil

External Exposure to Soil

Inhalation (Dust/Volatiles in Air)

Groundwater Ingestion

Full

Scenario

Se of Pathways Subset of Pathways

Frequent Occasional
Use Use

v/

V

Dermal Contact with
Groundwater

Surface Water Ingestion V

Dermal Contact with Surface
Water

Sediment Ingestion

Dermal Contact with Sediment V

Ingestion of Game NI

Ingestion of Fish

Ingestion of Crops

/

Frequent
Use

Occasional
Use

_______ ________I /
// _________

/ v 6/

/ / V

V

NE

NE= Not Evaluated
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Table 1-2. HSRAM Intake Factors'.

Occasional-Use Scenario Frequent-Use Scenario

Exposure Non- n R idio- Non- . Radio-
Pathway carcinogens Carciogens nuclides carcinogens Carciogens nuclides

Soil Ingestion 2.40E-07 3.00E-08 2.5 )E1+0 1.30E-05 1.60E-06 1.30E+03

Dermal
Contact with 3.413-07 x ABSC 1.5F-07 x AiS 8.7E-06 x ABS 3.7E-06 x ABS
Soil,

Inhalation 1.20E-02 2.301-03 4.20E403 6.30E-01 1.20E-01 2.20E+05

Groundwater 1.20E-03 2.301.-04 4.2)E402 630E3-02 1.20E-02 2.20E+04
Ingestion _______ ________

Groundwater
Dermal 9.3E-04 x K, 4E-04 x K, 4.9-02 x K, 2.1 E-02 x K,
Contact

Surface Water 1.20E-03 2 30i-04 4.201+02 6.30E-02 1.20E-02 2.20E+04
Ingestion 2_______

Surface Water
Dermal 6.1E-03 x K, 6.1 ,-03 x K, 4 9E-02 x K, 2.1E-02 x K,
Contact

Sediment 2.40E-07 3.00E08 2.5( 1+01 2.40E-07 3.0013-08 2.50E+01

Sediment
Dermal 3.4E-07 x ABS .51E-07 x ABS 3 41-07 x ABS 1.5E-07 x ABS
Contact'

External 15 i) .030
Exposure t,5( E-Ol 2.40E+01

Biota (fish) 3.90E-04 1.70E-04 3.003±05 3.90E-04 1.70E-04 3.00E+05

1.70E-03 7.50E-04 1.34E+06

3Source: DOE-RL. 1995
'Risks associated with this pathway arc assumed to be equi a<ei t to the risks associated with soil ingestion; see Section
3.1.2
'ABS - dermal absorption factor from soil.
dK, - Dermal permeability coefficient (contaminant-specifi ); s e Section 3.1.5
'Risks associated with this pathway are assumed to be equi alert to the risks associated with sediment ingestion; see
Section 3.1.7

D Ak-1
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Table 1-3. Dermal Permeability Coefficients.

Permeability Coefficient (cm/hr)

0.001

0.7

1.2

Contaminant

Inorganics

Aroclor 1260

Benzo(a)pyrene

Chrysene

P'entachlorophenol

Source: EPA 19 9 2a

Table 1-4. USLE Parameter Descriptions.

K

R 20 Wischmeier aid Smith, 1978 R-factor map on page 4.32 of
RAPS manual (Whelan e al. 1987)

Parameter

Value for fine sandy loam with 2 percent organic matter (page
4.40 of RA PS)

Based on 3% slope and 100 m (300 ft) slope length (i.e. the site
is located 300 feet from the river) (page 4.42 of RAPS)

Assuned no 'egetative coverC

ii

LS

Condition of ;urface material is loose with a rough surface to a
depth of >0.3 m ipage 4.44 of RAPS)

0.30

0.40

1.00

0.80

Table 1-5. Parameters Used to Estimate Contaminant Loading to Surface Water from
Surface Runoff.

Parameter

Sediment Yield from U

Site Surface Area:

8LE:

Value Units

1.92 tons/ha-yr

1,7436 kg/ha-yr

640,000 ftl

5.94 ha

DA]-22

0.81

0.65

Value Source/Assum pti ms
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Table 1-6. Bioconcentration Factors in Fish.

Contaminant

Antimony

BCF (L/kg)

40

Arsenic

Barium

Cadmium

Chromium VI

Lead

Manganese

Mercury

Zinc

Aroclor 1260

Benzo(a)pyrene

Chrysene

Pentachlorophenol

Source: EPA 1979

-, ht' - t

333

1,000

3,000

200

60

1,000

1,000

1,000

87,000

310

30

11,500

1,000Other Contaminants
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to Plant Transfer Parameters.

Contaminant

Am-241

C- 14

Cs-134

C s-37

Co-60

Eu-152

Eu-154

Eu-155

11-3

K-40

Na-22

Ni-63

Pu-238

Pu-239

Pu-240

Ra-226

Sr-90

Tc-99

Th-228

Th-232

U-233

U-234

U-235

U-238

Antimony

Arsenic

Vales~ Wet-weight1, Value B, values'

0.00025 0.000107

5.5 2.354

0.03 0.01284

0.03 0.01284

0.007 0.002996

0.004 0.001712

0.004 0.001712

0.004 0.001712

4.8 2.0544

0.55 0.2354

0.05 0.02354

0.06

0.0045

0.0045

0.0045

0.0015

0.02568

0.001926

0.001926

0.001926

0.000642

0.25 0.107

.5 0.642

0.000085 0.0000364

0 000085 0.0000364

0.004 0.001712

1.004 0.001712

0.004 0.001712

0.004 0.001712

0.03 0.01284

0.006 0.002568
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Contaminant

Barium

Cadmium

Chromium VI

Lead

Manganese

Mercury

Zinc

Contaminant

Aroclor 1260

Benzo(a)pyrene

Chrysene

Pentachlorophenol

B, Values'
Wet-weight
B, values'

0.015 0.00642

0.15 0.0642

- T ( 0.0045 0.001926

0.0045 0.001926

0.05 1 0.0214

0.2 0.0856

0.9 0.3852

Kow B

6.8 0.0045457

6.06 0.0121708

5.61 0.0221524

5.05 0.0466767

aTabulated in Baes et al. 1984.

bCorrected to wet-weight basi using conversion
dry/g wet weight.

factor of 0.428 g
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Concentra- Soj1 1 Ground- Surface Sediment External Fish Crop Tota
Contaminant tion in Soil Inhalation water Water

(pCl/g) Ingestion j Ingestion

Cs-137 I1 3.64E-08 2.09E-10 9.12E-07 2.86E-16 7.00E-10 4.80E-05 3.90E-15 4.82E-07 4.94E-05

Sr-90 I 4.68E-08 6.82E-10 2.34E-06 7.36E-16 9.OOE-10 0.00 1AOE-14 5.16E-06 7.55E-06
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1 xhibit 1

Summary of Exposure Concentrations
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Exhibit I
Summarv of Exposure Concentrations per Unit Concentration in Soil (mg/kg or pCi/g)

Concentration in Concentration in Concentration in
Contaminant Concentration in Soil Concentration in Air Groundwater Surface Water Sediment Concentration in Fish Concentration in Crops

Cone. Units Cone. Units Cone. Units Conc. Units Cone. Units Cone. Units Cone. Units
Am-241 I pCi/g 0.00005 pCi/m^3 3.70E-01 pCi/L 2.93E-I I pCi/L I pCi/g 2.93E-11 pCi/g 0.000107 pCi/g
C-4 I pCi/g 0.00005 pCi/mA3 1.48E+02 pCi/L 1.16E,08 pCi/L I pCi/g 1.16E-08 pCi/g 2.354 pCi/g
Cs-134 I 0.00005 pCi/mA3 1.48E+00 pCi/L I.16E-10 pCi/L I pCi/g 1.16E-10 pCi/g 0.01284 pCi/g
Cs-137 I pCi/g 0.00005 pCi/m^3 1.48E+00 pCi/L 1.16E-10 pCi/L I pCi/g 1.16E-10 pCi/g 0.01284 pCi/g
Co-60 I pCi/g 0.00005 pCi/m^3 1.48E+00 pCi/L 1.16E-10 pCi/L I pCi/g 1.16E-10 pCi/g 0.002996 pCi/g
Eu-152 I pCi/g 0.00005 pCi/m^3 3.70E-01 pCi/L 2.93E-1 pCi/L 1 pCi/g 2.93E-1 pCi/g 0.001712 pCiIg
Eu-IS5 i pCi/g 0.00005 pCi/m^3 3.70E-01 pCi/L 2.93E-I pCi/IL I pCi/g 2.93E1I pCi/g 0.001712 pCi/g
Eu-I55 1 pCi/g 0.00005 pCI/m^3 3,70E-01 pCi/IL 2.93E-I I pCi/L I pCi/g 2.93-1I pCi/g 0,001712 pCi/g
H-3 Ij pCi/g 0.00005 pCi/m^3 1.48E+03 pCi/IL . 16E-07 pCi/L I pCi/g 1,16E-07 pCi/g 20544 pCi/g
K-40 i pCi/g 0.00005 pCi/m^3 I 85E+01 pCi/pI 45E-09 pCi// i pCipg 1 14SF-09 pCi/g 0.2354 PCi/g
Na-22 1 pCi/g 0.00005 pCi/m^3 1.85E+01 pCi/L 1.45E-09 pCi/L I pCi/g 1,45E-09 pCi/g j 002354 pCi/g
Ni-63 _ pCig 000005 pCi/m^3n 2.47E+00 pCi/L. 1.94E-10 pCi/L I pCilg 1.94E-10 pCi/g j 0.02568 pCi/g
Pu-238 I pCi/g 0.00005 pCi/m^3 2.96E+00 pCi/L. 2.32E-10 pCi/I I pCi/g - 2.32E-10 pCi/g 0.001926 pCi/g
Pu-23 - I pcbg 0.00005 pctm i .OtU I pct - 2.32k-tu pCUL I pCvg [ 2.32E-uI pCi/g u.u01926 pCug
Pu.240 1 pCi/g 0.00005 pCi/m^3 2.96E+00 pCi/L 2.32E-10 pCi/L I pCi/g 2.32E-10 pCi/g 0.001926 pCi/g
Ra-226 1 pCi/g 0.00005 pCi/n l.48F+3 pCi/L 6E-07 pCi/IL i pCi/g | 1.16E-07 pCi/g 0.000642 pCi/g
Sr-90 i pCig 0.00005 pCi/m^3 1 2.96E+00 pCi/L 2,32E-10 pCi/L I pCi/g 2.32E-IC pCi/g 0.107 pCi/g
Tc-99 I pCi/g 0.00005 pCi/m^3 I 48E+03 pCi/L I I 16E-07 pCi/L I pCi/g 1.16E-07 pCi/g 0.642 pCi/g
Th-228 pCi'g 0.000O5 pCi/,^3 ! 48E+0 3 pCin. , 16E-07 pCi/L pCi/g 1,16E-07 pCi/g 3.638E-05 pCi/g
Th-232 i pCi/g 0.00005 pCi/M^ 3 |l48E+03 pCi/L I.16E-07 pCi/L ! pCi/g 1.16E-07 pCi/g 3.638E-05 pC/g
U-233 1 pCi/g 0.00005 pCi/m^3n 3.70E+01 pCi/L 2.90E-09 pCi/L I pCi/g 2.90E-09 pCi/g 0.001712 pCi/g
U-234 I | pCi/g 0.00005 pCi/m^3' 3.70E+0I pCi/L. 2.90E-09 pCi/L I pCi/g 2.90E-09 pCi/g 0.001712 pCi/g
U-235 I pCi/g 0.00005 pCi/rM^3 3.70E+01 pCi/LI 2.90E-09 pCi/L I pCi/g 2.90E-09 pCi/g 0.001712 pCi/g
U-238 I pCi/g 0.00005 pCi/m^3 3.70E+01 pCi/LI 2.90E-09 pCi/L I pCi/g 2.90E-09 pCi/g 0.001712 pCi/g
Antimony I mg/kg 5E-08 mg/M^3 1.48E+00 rmg/L 4.38-10 mg/L 1 mg/kg 1.75E-08 mg/kg 0.01284 mg/kg
Arsenic I mg/kg 5E-08 mg/m^3 1.48E+00 mg/L 4.38-10 mg/L I mg/kg 1.46E-07 mg/kg 0.002568 mg
Barium I mg/kg 5E-08 mg/n^3 2.96E-03 mg/L 3.22E-10 mg/L I mg/kg 3.22E-07 mg/kg 0.00642 mg/kg
Cadmium I mg/kg SE-08 mg/M^3 2.47E-03 mg/L 3.22F-10 mg/L I mg/kg 9.67E-07 mg/kg 0.0642 mg/kg
Chromium VI 1 mg/kg SE-08 mg/M^'3 1.48E+00 mg/L 4.38E-10 mg/L I mg/kg 8.76E-08 mg/kg 0.001926 mg/kg
Lead 1 mg/kg 5E-08 mg/mA3 2.47E-03 mg/L 3.22E-10 mg/IL I mg/kg 1.93E-08 mg/kg 0.001926 mg/kg
Manganese 1 mg/kg 5E-08 mg/rM^3 1.48E-03 mg/L 3.22E-10 mg/I 1 mg/kg 3.22E-07 mg/kg 0.0214 mg/kg
Mercury i mg/kg 5E-08 mg/m^3 2.47E-03 mg/L 3.22E-10 mg/L I mg/g 3.22E-07 mg/kS 0.0856 mg/kg
Zinc I mg/kg 5E-08 mg/MA3 2.47E-03 mg/ 3 3.22E10 mg/L 1 mg/kg 3.22E-07 mg/kg 0.3852 mg/kg
Aroclor 1260 1 mg/kg 5E-08 mg/M3 1.40E-04 mg/L 3.22E-10 mg/L mg/kg 2.80E-05 mg/kg 0.0045457 mg/kg
Benzo(a)pyrene 1 mg/kg SE-08 mg/m^3 135E-05 mg/L 3.22E-10 mg/L mg/kg 9.66E-09 mg/kg 0.0121708 mg/kg
Chrysene 1 mg/kg SE-08 mg/M^3 3.70E-04 mg/L 3.22E-10 mg/L I mg/kg 9.67E-09 mg/kg 0.0221524 mg/kg
Pentachlorophenol 1 mg/kg SE-08 mg/mA3 1E40-03 mg/L 3.22E-10 mg/L I mg/kg , 3.71E-06 mg/kg 0.0466767 mg/kg
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Exhibit 2
Toxicity Assessment Used in the Pathway Assessment

Chemical Carcinogen Radionuclide Slope Factors
Slope Factors

External
Contaminant Ingestion Inhalation Ingestion Inhalation Exposure

Am-241 2.40E-10 3.20E-08 4.90E-09
C-14 9.OOE-13 6.40E-15 0
Cs- 134 4.10E-11 2.80E-1 1 5.20E-06
Cs-137 2.80E-I I L.90E- II 2.00E-06
Co-6 0 -. 50E-l I 1.50E-10 8.60E-06
Eu-152
Eu- 154
Eu-155
1-3
K-40
Na-22
Ni-63
Pu-238
Pu-239
Pu-240
Ra-226
Sr-90
Tc-99
Th-228
Th-232
U-233
U-234
U-235
U-238
Antimony
Arsenic 1.8
Barium
Cadmium
Chromium VI
Lead
Manganese
Mercury
Zinc
Aroclor 1260 7.7
Benzo(a)pyrene .

0.0073

2.1OE-12 1.10E-10 3.60E-06
3.OOE-12 1.40E-10 4.10E-06
4.50E-13 l.80E-1l 5.90E-08
5.40E-14 7.80E-14 0
I IOE-11 7.60E-12 5.40E-07
6.80E-12 4.80E-12 7.20E-06
2.40E-13 1.80E-12 0
2.20E-10 3.80E-08 2.80E-11
2.30E-10 3.80E-08 1.70E- II
2.30E-10 3.80E-08 2.70E-II
1.20E-10 3.OOE-09 6.OOE-06
3.60E-l 6.20E-I1 0
1.30E-12 8.30E-12 6.OOE-13
5.50E-l I 7.80E-08 5.60E-06

20E- I1 2.80E-08 2.60E- II
.60E- 11 2.70E-08 4.20E- II

1.60E-I I 2.60E-08 3.OOE- II
I .60E- II 2.50E-08 2.40E-07
2.SOE-I I 5.20E-08 3.60E-08
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Exhibit 3
Table - Increased Cancer Risks per Uric Coconwation (1 mg/kg or 1 pCVg) - Fiexelot Use SICnario

Sfep Wter Pa y

SoilIngestion Conct ita Inhalation D0te D dwater Suface Water S nFit EIneastiot Crop Ingestio os
Seil Deal Contact latin Exposure PatNhways

Am _241 3.12E-07 3.52E-7 I.95E-t6 I55E-16 6.00-09 1 18E07 2. IE-15 3.44&08 2 78-06 2 74E-06
C-14 1.17E.9 7.04E-14 2.93-06 2.30E-16 2.251t 0.00E+00 3.132-I5 2.84E-06 5.77-06 2.93E-06
Cs-134 5.33E-08 3.08O 1.33E-6 I .05E-16 1.03E49 1.25-04 1 .43E-15 705E-07 1.27-04 1.26E-04
Cs-137 3.64E-08 2.09E-10 9. 2E-07 7.17E-17 7.00E-10 4.80E-05 9.78E-16 4.82E-(7 4.94E-05 4.89E-05
Co-60 1.95-08 .65E-09 4.88E07 3.84E-17 3.75E.10 2.06E-04 5.2416 6.02E-08 2.07E-04 2.07-04
Eu-152 2.73-09 1.21E-9 1.71E-08 .36E.I8 5.25E-I I 8.64E-05 L85E-17 4.82E09 8.64E-05 B.64E-05
Eu-154 390-09 154E-09 2.44E-08 .94E-18 750E-1 1 9.84E-05 2.64E-17 6.88E-09 9.84-05 9.84E-05

Eta-I .8- ISE-IS 2.66E-09 "' 132.90E-il 1.i3E- 1.42E-0W 3.96E-I & .03&09 1.42E-06 L42E-06
H-3 7.02E-i 8.5E-13 j 1.76E-0 38E-16 I 35E12 O.OE+0 1.88E15 1.49E-07 1 91E-06 76206
K-40 4'E-08 36E 11 1 48E-06 3.51E- I 2.75E10 1.30E-05 4.79E-15 3.47E-06 2 092-05 175E-5

N-884-09 I5.20E-t 277E-0 2 7-l I70E-ic 1.73E0 2.96E-15 2.14E-07 .76E-04 I.76E-04
Ni-63 3.12E-10 1 .9E-I t.301-08 1.02E- 18 6.00E-12 0.00E+00 I 40-7 8.26E-09 216E-08 1 .34E08
Pt-238 2.86E-07 4.1E-07 I 43E-05 1.13E-15 5.509 6 72E-10 1 53E-14 5.68E-07 I 56-05 I 50E-05
Pu-239 2.99E-07 4 .E-07 1.50E-05 1.18E-15 5.75E-09 4.08E-10 L60E-14 5.94-07 1.63E-S5 .57E-05

Pu-_____:. 4_ _ I-o .5 i e- . .. .75E-v _ 6.48E-iU :60E-14 5.94E-07 1.6305 I57M-05
Ra-226 .E7.Eit3. - 3.002-09 I44E-04 4.18E-12 I 3E-7 4.05E-03 4.052-03
Sr-9 W.8-0 '82-1 1.40 IE84E-6 9. WE-10 0.0WE+0 2.5 1E.-15 S5 ..E06 755E -2 39E-0
Tc-99 .9E-09 9132-l 4.23E-05 3.32E-I5 3.25E-l .44E- 11 4 53&14 1.12E-06 4.34E05 4.23E-05
Th-228 7.15E-O8 8582-07 1.7903 I.40E-3 38E-09 1 34E-04 92E-12 2.682-09 193E03 193E-03
Un-232 I 56E-,0 1 3.08E-0 391E-04 E- I3.E-IM 6.24E--10 4.1 BE-13 5.85 .9TE-04 -3.91 E-

U-23, 2 OSE- I 297E0 I 1.30E-05 j 02E-1 400E-10 I I0109 139E-14 3 67E-08 1.34EO I.33E-05
U-234 2.08E-08 2.86E-07 1.3005 1.02E-f5 4.00E-10 7,20E-10 1.39E-14 3.67E0 134-5 .33E-05
U-235 2.08E-08 2.75&.07 I.30E-S 102E-15 4.00210 5.76E-06 1.39E-14 3.67E-08 191-O5 1,91E-05
U-238 3.64E-01 5.72E-07 228205 179E-1 7.00-10 8.64E-07 2 44E-14 6.42E-08 2.43E-05 2.43E-05
Antimony 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00 0.00E+00
Asxnic 2.88E-06 9.00E-08 3.20E-02 5.59E-05 9.47E-12 66E.14 5.40E-08 4.47-I1 3.47E-06 3.20E-02 3.20E-02
Batium 0.00E+00 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cadmium 0.00E+00 3.78E-08 0.00E+00 0.00E+00 0.00+00 C 00E+00 0.00E+00 0.00E+00 0.00E00 3.78E-08 3.78E,8
Chromium Vt 0.00E+00 2.52E-07 0.00E+00 0.00E+00 0.00E+00 C.00E+00 0.00E+00 0.00E+00 0.00E+00 2.52207 2.522-07
Lead 0.00E+00 0.00E+00 0 00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+0
Mangaese 0.00E+00 0.00E00 0.00E+00 0.00E+00 0.00E+00 -00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0,00E+00
Mrcry 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Zinc 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E400
Arocor1260 I 23E-05 I23E05 4.62E-08 1.29E-05 1,58.05 2.98E-Il .. 65E-11 2.31E-07 3.67208 2.63E-05 7.99205 2.53-05
Benzo(a)pyren. L1705 L17E-05 4.38E-08 .18E-06 2.48F"06 2.822-Il 5.932I 2.19E-07 1.202- 6.66-05 9.39-05 1.29E-05
C"rysee 1.17E4O 1.17208 4.38-l 3.24E08 4.59-08 2.82E-14 4.00-14 2.19E-10 L20-14 1.21207 2.23E07 4.41-08
Petachloophenol 192207 1.92E-07 7.20E-10 2.01E-06 2,29206 4.64E-13 5.2E-13 3.602-09 7 562I I 4.20E-06 8.89-06 2.20E0
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Exhibit 3
Table 2. Percent Contribution of Exposure Pathways to Contaminant-Specific ICR - Frequent Use Scenario

Exposure Pathway
qGroudwate Groundwater Surface Surface Sediment

O otc .o DGroGrmandw ater Water Sediment ei External Fish Crop
Ingestion Igestion Dermal Ingestion a Exposure Ingestion Ingestion

Contaminan with Soil Igsin Contact Ingestion epre Inge___ ContactContaminant Exposure
Am-241 11.24% 12.68% 7038% <0.01% 0.22% 4.24% <0.01% 124%
C-14 002% <0.01% 50.78% <0.01% <0.01% <0.01% <0.01% 49.20%
Cs-134 0.04% <0.01% 1.05% <0.01% <0.01% 98.35% <0.01% 0.56%
Cs-137 0.07% <0.01% 1.84% <0.01% <0.01% 97.11% <0.01% 0.97%
Co-60 <0.01% <0.01% 024% <0.01% <0.01% 99.72% <0.01% 0.03%
Eu-152 <0.01% | <0.01% 0.02% <0.01% <0.01% 99.97% <0.01% <0.01%
Eu-154 <0.01% <0.01% 0.02% | <0.01% <0.01% 99.96% <0.01% <0.01%
Eu-155 0.04% 0.01% 0.26% <0.01% <0.01% 99.61% <0.01% 0.07%
iT_ <0.01% <0.01% 92.20% <0.01% <0.01% <0.01% <0.01% 7.80%
K-40 0.07% <0.01% 21.40% <0.01% <0.01% 61.95% <0.01% 16.58%
Na-22 <0.01% <0.01% 1.57% <<0.01% 0.01% 98.30% <0.01% 0.12%
Ni-63 ______ 1.44% _ 0.09% 60.24% <0.01% | 0.03% <0.01% <0.01% 38.20%
Pu-238 1.83% 2.68% 91.81% <0.01% 0.04% <0.01% <0.01% 3.64%
Pu-239 1.83% 2.57% 91.92% <0.010/ 0.04% <0.01% <0.01% 3.64%
P}-2.i t9.92 <0.01% J 10.04% <0.01% J <0.01% 3.64%
Ra-226 <0.01% <0.01% 1 96.44% <0.01% <0.01% 3.55% <0.01% <001%

r-90 0.62% _ <0.01% 31.03% <0.01% 0.01% <0.01% <0.01% 68.33%
Tc-99 <0.01% <0.01% 97.42% <0.01% <0.01% <0.01% <0.01% 2.57%
Th-22I 0.-O% 0.04% 92.97% -<.ll% .<0.01% 6.98% <0.01% <0.01%
Th-232 0.08% 99.92% i <0.0% <001% <0.01% <0.01% <0.01%

U-233 0.16% 2.22% 97.34% <0.01% <0.01% <0.01% <0.01% 0.27%
U-234 0.16% 2.14% 97.42% <0.01% <0.01% <0.01% <0.01% 0.27%
U-20.11% __ON1.44% 68.13% <0.01% <0.01% 30.13% <0.01% 0.19%
U-238 0.15% 2.35% 93.68% <0.01% <0.01% 3.55% <0.01% 0.26%
AntimonyI
Arsenic <0.01% <0.01% 99.81% 0.17% <0.01% <0.01% <0.01% <0.01% 0.01%
Barium
Cadmium <0.01% 100.00% <0.01% <0.01% <0.01% <0.01% <0.01% <0.01% <0.01%
Chromium VI <0.01% 100.00% <0.01% <0.01% <0.01% <0.01% <0.01% <0.01% <0.01%
Lead
Manganese
Mercury
Zinc ________ 15.42% _ _ _
Aroclor 1260 15.42% 15.42% 0.06% 16.14% 19.78% <0.01% <0.01% 0.29% 0.05% 32.85%
Benzo(a)pyrene 1244% 12.44% 0.05% 1.26% 2.64% <0.01% .1 0.23% <0.01% 70.96%
Chrysene 5.23% 5.23% 0.02% 14.52% 20.58% <0.01% <0.01% 0.10% <0.01% 54.32%
Pentachlorophenol 2.16% 2.16% <0.01% 22.62% 25.73% <0.01% <0.01% 0.04% <0.01% 47.27%
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Exhibit 3
Table 3 Increased Cancer Rinks per Unit Concentration (I mg/kg art pCi/) - Occs.ional Use Scenario

Exposure PadrwsyII
Deeml Gounwatr GrundauefSucse Water SedimentEtealTalRs- Tota Iusk -

Soil Ingestion Contacthmi Inhalation Un Dral contact Ingestion Dents Eeea Fish Ingestion Crop Ingestion Ful Pa y Subse f
Soil IngestionlCotct lgru Eposur Ingestion era xou FhIgb.Co c.i.10phny

Cntanant Expsue Contact Eare 1thwys

Am-241 6.00E-09 6.72E-09 3.73E-08 2.96E-18 6.MOE09 7.35E-10 2.1 IE-15 5.68&08 5.OE-Os
C-14 2.25E-1 I .342-I5 5.59E-08 4.39E-19 225E-11 0.0E+00 3.13E-15 5.60E-08 5.60E-08

Cs-134 1.03E-09 5.88E-12 2.552-08 2.00E-18 1.03E-09 7.80E-07 1.43E-IS 8.08207 8.07E-7
Cs-137 7.00E-10 3.99-12 1.74E-08 1.37E-I8 7,00E-10 3.OOE-07 9.78E-16 3.19E-07 3.18E-07
Co-6C 375&10 3 15E-I1 9.32-9 7.33E-19 3.75E-10 IL29-06 5.24E-16 1 30E-06 1.30E-06
Eu-152 5.251-11 2.31E-1 I 326E10 2.59E-20 5.25E-1 I 540E-07 1.85-17 5.40E-07 5.40247
Eu-154 7.50E-11 2.94E-1 1 4.66&10 3.70E-20 7 50E-1 6.15E-07 2.64E-17 6.t6E-07 6.16E07
Eu-I55 I. 13-I 1 3.78E-12 6,99E-11 5.55E-21 1.13E-11 8.SE-09 3.96&I18 8.95E-09 8.93E-09
H-3 1.35E- 2 1 .64E-14 336E-08 2.63E-18 1 35-12 0.00E+00 I E-15 3.36E-08 3.36E-08
K-40 2.75E-10 I 6E-12 8.55E-08 6.71 E-1 8 2.75E-10 S.IOE-ES 4.79E-15 1.67-07 1.67M-07
N.s-22 1 70&10 ].OIE-12 5,29E-08 4.,14E-18 1,70E-10 I. [ 2.962-IS, 1.13E-06 113E-06
Ni-63 6.00E2- 3 78E-13 2.49E-10 I.95&20 6.00E-12 0.00E00 140E-17 2.61F-10 2.55&10

PN-_39 10E-09 7.98E-05 2.74E-07 2 5 _17 5.50E-09 4 20E-12 153E-14 2.92E-07 2 87E-07

j -240 5.75E-09 7.98&09 2.86E-07 2.25E-l17 5.75E-09 4.05E-12 L60E-14 3.05E-07 3.00E-07
OE * 30E- 7.46&-05 585E- 3j009-Os 9.00E-0 4.18E-12 7.55E-05 7.55E-05

Sr-9O 9E-10 1 30F.1 1 4 48E-Ot 3.2E-1 8 900E-10 0.00E+00 2.51& 5 4.662-08 4.57208
Tc-99 325E-1I I 74E-12 8.08E07 634E-17 3.25E1 9.00E-14 4 53E-14 8.08E-07 8.08F-07
Th-228 .3809 I 64 s 3.42M05 2.6E45 138E-9 8.40-07 192E-12 3.50F-05 3.50-05
7,-232 .02ES 5240 7.4606 5 85E- i 3.002-I 3.90E-12 4.18&13 7.47E-06 7.47E-00
U-233 400-10 6709 2.49E-07 9E- 17 4.00E-t 630E-12 1.39E.14 2.55E-07 2.55E-07
U-234 4 00Et0 546E-09 2.491-07 1.95E-17 j 4.00E-IC 4.50&12 1.39E-14 2.55E-07 2.55E-07
U-235 4 00-lu 5 25E-tW 2.49E-07 195E-17 4.00E-10 360-08 139E-14 2.91207 2.90E-07
U-238 7.00E-0 I 09E-08 4.35E-07 3.41L-17 7.00&O 5.40E-09 2.44E-14 4.53E-07 4.52E-07
Antimony 0.00E+00 0.00E+00 0.OE+00 0.00E+00 0.002+00 0 0 E 0.00E+00 0.00E00 0.00E00

Arsnic 5 402E0 .73E-09 6.13204 1 07E-06 I 81E-13 4.1-15 5.402-08 4.47E-11 6.14204 6.13E-04
Barium 0.00E+00 0.WE+00 0.00E+00 0.00+00 0.02+00 0.00E+00 0.00E+00 0.00E+00 000E00 0.00E+00
Cadmium 0.CE+00 7.25E-10 0.00E+00 0.00E+00 000E+00 000E+00 000E00 0.00E+00 7.25E-10 7.25E-10
Clsromisim, VI 0.00E+00 4.83 -09 0.00E+00 0.00E+00 0.00E+00 000E+00 0.00E+00 0.00E+00 4.83-09 483E-09
Lead 000E+00 0.00E+00 0.00E+00 0.00E+00 0.00Ef 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Manganese 0.00E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Mercury 0.00E+00 0.00E+00 0.00E+00 0,00E+00 0 00E+00 000E+00 0.002+00 0.00E+00 0.00E+00 0.00E+00
Zinc 0.00E400 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.002+00 0.00E+00 0.00+00 0.00E+00 0.00E+00
Aroclor1260 231&07 2.31E-07 8.86E-10 2.47E-07 3.01E-07 5.71E-13 1.06E-1 2.31E-07 3.67-08 1.28E-06 4.79-07
BenzI()pyrene 219E-07 2.19-07 8.40E-10 2.26&8 4.71-O8 5,41E-13 1.72111 2.19E-07 L20E-l 7.28&07 2.4207

lChrysaae 2.19E-I0 2.19F,10 8.40E-13 6.21-10 875&10 5.41E-16 1.16F-14 2.19210 120&14 2.15E-09 8.41&10
Pentachlonophennl 3.60E-9 3.60E-09 1.3811 3.85E-08 4.36E08 8.89E-15 1.532-13 3.60-09 7,562-11 9.30-08 4.212-O
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Exhibit 3
Table 4. Percent Contribution of Exposure Pathways to Contaminant-Specific ICR - Occasional Use Scenario

Exposure Pathway

I eralGroundwater ISurface surface iISediment
Soil Derma, Groundwater G rdat Water I en Sediment External Fish Crop

Ingestion Inhalation Ingestion Dermal Ingestion Conmac Exposure Ingestion Ingestion

Contaminant with Soil Contact Ingestion Exposure

Am-241 10.57% 11.84% 65.72% <0.01% 10.57% 1.30% <0.01%
C-14 0.04% <0.01% 99.92% <0.01% 0.04% <0.01% <0.01%
Cs-134 0.13% <0.01% 3.16% <0.01% 0.13% 96.59% <0.01%
Cs-137 0.22% <0.01% 5.46% <0.01% 0.22% 94.10% <0.01%
Co-60 0.03% <0.01% 0.72% <0.01% 0.03% 99.22% <0.01%
Eu-152 <0.01% <0.01% 0.06% <0.01% <0.01% 99.92% <0.01%
Eu-154 0.01% <0.01% 0.08% <0.01%. 0.01% 99.90% <0.01%
Eu-155 0.13% 0.04% 0.78% <0.01%. 0.13% 98.92% <0.01%
H-3 <0.01% <0.01% 99.99% <0.01%. <0.01% <0.01% <0.01%
K-40 0.16% <0.01% 51.17% <0.01%, 0.16% 48.50% <0.0O%
Na-22 0.02% <0.01% 4.66% <0.01% 0.02% 95.31% <0.01%
Ni-63 2.30% 0.14% 95.26% <0.01% 2.30% <0.01% <0.01%
Pu-238 1.88% 2.73% 93.51% <0.01% 1.88% <0.01% <0.01%
Pu-239 1.88% 2.61% 93.62% <0.01% 1.88% <0.01% <0.01%
Pu-240 1 20% 77% A362 f.0% . . 01
Ra-226 ----- <0.01% <0.01% 98.80% <001 1 <0.01% 1.19% <_.01%

Sr-90 1.93% u.u3% 9 % <_.01% _ _/.1.93% <0.01% <0.01%
Tc-99 <0.01% <0.01% 99.99% <001% <0,01% | <0.01% <0.01%
Th-228 <0.01% 0.05% 97.55% <0.01% <0 01% 2.40% <0.01%
Th-232 <0.01% M0.08% 9991% <0.01% n .01. <0.01% <0.01%
U-233 0.16% 2.22% 46% <0.01% 0. 16% <0.01% <0.01%
U-234 0.16% 1 2.14% 97.54% <0.01% 0.16% < U 4 u <0.01% <0.01%
U-235 0.14% 1.81% 85.53% _ <0.01% 0.14% 12.38% <0.01%
U-238 0.15% 2.41% 96.09% <0.01% 0.15% 1.19% <0.01%
Antimony I
Arsenic <0.01% <0.01% 99.81% 0.17% <0.01% <0.01% <0.01% <0.01%
Barium
Cadmium <0.01% 100.00% <0.01% <0.01% <0.01% <0.01% <0.01% <0.01%
Chromium VI <0.01% 100.00% <0.01% <0.01% <0.01% <0.01% <0.01% <0.01%
Lead
Manganese
Mercury
Zinc
Aroclor 1260 18.06% 18.06% 0.07% 19.33% 23.54% <0.01% <0.01% 18.06% 2.87%
Bcnzo(a)pyrene 30.10% 30.10% 0.12% 3.10% 6.48% <0.01% <0.01% 30.10% <0.01%

Chrysene 10.17% 10.17% 0.04% 28.84% 40.62% <0.01% <0.01% 10.17% <0.01%
Pentachlorophenol 3.87% 3.87% 0.01% 41.44% 46.85% <0.01% <0.01% 3.87% 0.08%
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Exhibit 4
Summary of Pre-R -mediation ICRs - Site 116-B-1

Scenario Zone in Soil
Zone I Zone 2 Zone 3

Occasional Use Scenario - I ull
Set of Pathways O.OOEi-00 3.01E-07 2.06E-07
Occasional Use Scenario -
Subset of Pathways 0.OOE+100 3.01E-07 2.06E-07
Frequent Use Scenario - Fu'l

Set of Pathways O.00E +00 4.80E-05 3.30E-05
Frequent Use Scenario -
Subset of Pathways O.OOE-00 4.79E-05 3.27E-05

Summary of Pre-Remediation ICARs - Site I16-C-5
Scenario Zone in Soil

Zone I Zone 2 Zone 3
Occasional Use Scenario - l ull

Set of Pathways 1.07E-02 2.77E-03 2.1OE-05
Occasional Use Scenario -
Subset of Pathways 1.06E-02 2.77E-03 2.09E-05
Frequent Use Scenario - Ful

Set of Pathways 1.68E+0O 4.33E-01 3.29E-03
Frequent Use Scenario -
Subset of Pathways I.67EO 4.30E-01 3.26E-03

Summary of Pre-Re ned ation ICRs - Site 116-D-IA

Scenario Zone in Soil
Zone I Zone 2 Zone 3

Occasional Use Scenario - I ull
Set of Pathways 3.60E- O 6.28E-05 8.52E-05
Occasional Use Scenario -
Subset of Pathways 3.60E-0 6.28E-05 8.52E-05
Frequent Use Scenario - Ful!

Set of Pathways 3.70E-03 1.00E-02 4.76E-03
Frequent Use Scenario -

Subset of Pathways 3.63E-03 9.98E-03 4.70E-03

Summary of Pre-Ramediation ICRs - Site I16-F-4
Scenario Zone in Soil

Zone I Zone 2 Zone 3
Occasional Use Scenario - I ill
Set of Pathways 5.64E-0e, 5.44E-05 3.97E-03
Occasional Use Scenario -
Subset of Pathways 5.62L-04 5.39E-05 3.95E-03
Frequent Use Scenario - Ful
Set of Pathways 7.42E-0I 7.63E-03 5.39E-01
Frequent Jse Scenario

Subset of Pathways 7.OIE-02 4.64E-03 5.OOE-01

AI -38
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Exhib it 4
Percent Contribution to Total I ncrcased Cancer Risk - Site 116-B-1

Contaminant Zone I Zone 2 Zone 3
Cs-134 0.08%
Us-137 8.55%
Co-60 11.58% 8.43%
Eu-152 79.60% 90.43%
Eu-155 0.05% 0.06%
Sr-90 0.14% 1.09%

Percent Contribution to Total Increased Cancer Risk - Site 116-C-5
Contaminant Zone I Zone 2 Zone 3
Am-241 <0.01% <0.01%
C-14 009%
Cs-134 006% 16.18% <0.01%
Cs-137 632% 24.50% 41.52%
Co-60 24.08% 14.59% 39.08%
Eu-152 29.60% 27.36% 15.07%
Eu-154 38.32% 16.15% 3.48%
Eu-155 005% 0.02% <0.01%
H-3 020% <0.01%
Ni-63 <0.01%
Pu-238 <('.01%
Pu-239 0 22% 0.03% 0.12%
Ra-226 0 20% 0.64%
Sr-90 035% 0.52% 0.72%
U-238 <0.01% <0.01%
Chromium VI <0.01%
Pentachlorophenol 0.49%

URAFT
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Table 2-1. Potential Preliminary Remediation Goals, Baseline Scenario.

I HUMANHEALTH

TR=IE-06(a)

Protection
ofGW

(h)
RADIONUCLIDES (pCi/g)
Am-241 76.9 N/A 31 1 31 31 31 31
C-14 44200 N/A 18 50 50 50 50 50
,Cs-134 3460 N/A 517 0.1 (d) 517 517 517 517
Cs-137 5.68 N/A 775 0.1 5.68 5.68 5.68 775
Co-60 17.5 N/A 1292 0.05 17.5 17.5 17.5 1292
Eu-152 5,96 N/A 20667 0.1 5.96 5.96 5.96 20667
Eu-154 10.6 N/A 20667 0.1 10.6 10.6 10.6 20667
Eu-155 3080 N/A 103333 0.1 3080 3080 3080 103333
H-3 2900000 N/A 517 400 517 517 517 517
K-40 12.1 N/A 145 4 (e) 12.1 12.1 12.1 145
Na-22 545 N/A 207 4 (e) 207 207 207 207
Ni-63 184000 N/A 46500 30 46500 46500 46500 46500
Pu-238 87.9 N/A 5 1 5 5 5 5
Pu-23 9/2 4 0 72.8 N/A 4 1 4 4 4 4
Ra-226 1.1 N/A o.03 0.1 0.1 0.1 0.1 0.1
Sr-90 1930 N/A 129 1 129 129 129 129
Tc-99 28900 N/A 26 15 26 26 26 26
Th-228 7260 N/A 0.1103 1 (t) I I I I
Th-232 162 N/A 0.013 1 1 1 1 1
U-233/234 165 N/A 5 1 5 5 5 5
U-235 23,6 N/A 6 1 6 6 6 6
U-238 (g) 58.4 N/A 6 1 6 6 6 6
INORGANICS (mg/kg)
Antimony N/A 1669 0002 6 6 6 6 6
Arsenic 16.2 1251 0013 1 1 1 I
Barium N/A 1000000 (I) Z58 20 258 258 258 258
Cadmium 1360 4171 0.775 0.5 0.775 0.775 0.775 0.775
Chromium VI 204 20857 0.026 1 1 1 1 I
Lead N/A N/A 8 0.3 8 8 8 8
Manganese N/A 20857 13 1.5 13 13 13 13
Mercury N/A 1251 1.31 0.02 0.31 0.31 0.31 0.31
Zinc N/A 100000 (h) 775 2 775 775 775 775
ORGANICS (mg/kg)
Aroclor 1260 (PCB) 4.34 N/A 1.37 0.033 1.371 1371 1.37 1.37
Benzo(a)pyrene 4.57 N/A 5.68 0.33 4.57 4571 4,57 5.68

I ZONESPECFICPRO
1 2 3 4

|0_3 f 36_ ft - 1 >14R

0.011 0.33 0331 033 0.33 033
.27 0.8 0.81 08 0.8( 0.8Chrysene I N/A I

CRQL~contract required quantitatio limio
CRDL:cotract required detection hruit
N/A= NOT APPLICABI E
NC=NOT CALCULATED. Approprate calculation
TR=Target Risk
11Q=lazard Quotient

not establis .ed at this tim

(a)=Recreational exposure scenario accounting for decay to 201
(b)=Based on Summer's Model (EPA 1989b)
(c)=Based on I00-BC-5 OU Work Plan QAPjP (DOF-RL I912)
(d)=Detection limit assumed to be same as Cs-137
(e)=Based on gross beta analysis
(O =Detecton limit assumed to be same as Th-232
(g)=Includes total U if no other data exist
(h)=Value calculated exceeds 1,000,000 ppm therefore use 100,0 10 pp-n as default

DA2 k-;

CRQL_/
CRDL

(c)HQ=01 1

N/A I
N/A
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Table 2-2. Potential Preliminary Remediation Goals, Occasional-Use Scenario.

Pentachlorophenol L 279 L. N/fL 141 0.8 1 141 141 141 14

CRQL=contract required quanlitation Ion
CRDL=contrac t required detection limit
N/A= NOT APPLICABRIE
NC=NOT CAI CULAIED. Appropriate calculation
TR-Target RisK
HQ=Haz.ard Quotient

notestablish d at his time

(a)=Recreational exposurc scenario accounting for decay to 2018
(b)=Based on Summer's Model (EPA 1989b), using a "recreatona "W limit
(c)=Based on 100-BC-5 OU Work Plan QAPjP (DOE-RIL 1992)
(d)=Detection limit assumed to be sane as C137
(e)=Based on gross beta ;nalysis
(f)=Detection limit assun'ed to be same as lh -232
(g)=Includes total U if no other data exist
(h)=Value calculated exceeds 1,000,000 ppm therefore use 100,0(f) ppi i as default

E.A2 4

L rotection CRQl/ ZONE SPECIFIC PRG
ofGW CRDL 1 2 3 4

(b) I (c) 0-3 ft 3-6 6- t >0

HUMANHEALTH

RADIONUCLIDES (pCi/g)
Am-241 76.9 N/ 1600 1 76.9 76.9 76.9 1600
C-14 44200 N/ 940 940 40 940 940 940
Cs-134 3460 N/A 27000 0.1 (d) 3460 3460 3460 27000
Cs-137 5.68 N/A 40000 01 568 5.68 5.68 40000
Co-60 17.5 N/A 67000 0.05 17.5 17.5 17.5 67000
Eu-152 5.96 N/A 1100000 0.1 5.96 596 5.96 1100000
Eu-154 10.6 N/A 1100000 0.1 10.6 10.6 10.6 1100000
Eu-155 3080 N/A 5400000 0 1 3080 3080 3080 5400000
H-3 2900000 N/A 27000 400 27000 27000 27000 27000
K-40 12.1 N/A 7500 4 (e) 12.1 12.1 12.1 7500
Na-22 545 N/A 11000 4 (e) 545 545 545 11000
Ni-63 184000 N/A 2400000 30 184000 184000 184000 2400000
Pu-238 87.9 N/A 260 1 879 87.9 87.9 260
Pu-239/240 72.8 N/A 210 1 72.8 72.8 72.8 210
Ra-226 1.1 N/A 1.6 0.1 1.1 1.1 1.1 1.6
Sr-90 1930 N/A 6700 I 1930 1930 1930 6700
Tc-99 28900 N/A 1400 15 1400 1400 1400 1400
Th-228 7260 N/A 5.4 1 (f) 5.4 5.4 5.4 5.4
Th-232 162 N/> 0.68 1 1 1 1 1
U-233/234 165 N/A 260 1 165 165 165 260
U-235 23.6 N/A 310 1 23.6 23.6 23.6 310
U-238 (g) 58.4 N/ 310 I 58.4 58.4 58.4 310
INORGANICS (mg/kg)
Antimony N/A 1669 01 6 6 6 6 6
Arsenic 16.2 1251 0.68 1 1 1 1 1
Barium N/A 010000 ( 13000 20 13000 13000 13000 13000
Cadmium 1360 4171 40 0 5 40 40 40 40
Chromium VI 204 2085- 1.4 1 14 1.4 1.4 1.4
Lead N/A N// 420 03 420 420 420 420
Manganese N/A 20857 . 680 5 680 680 680 680
Mercury N/A 1251 16 0.02 16 16 16 16
Zinc N/A 100000 (ht_ 40000- 2 40000 40000 40000 40000
ORGANICS (mg/kg)
Aroclor 1260 (PCB) 4.34 N/ _ 7 1 .033 1 4.34 4341 4.341 71
Benzo(a)pyrene 457 N/ 300 0.33 4 4.57 4.57 300
Chrysene N/A N/. (.52{ 0.33 0.52 0.25 0.52 0.52
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Table 2-3. Potential Preliminary Remediation Goals, Frequent-Use Scenario.

I HUMAN HEALTH

TR=1E-06(a) I HQ=
RADIONUCLIDES (pCi/g)
Am-241 1.3
C-14 851
Cs-134 22
Cs-137 0036
Co-60 0.11

[Protedton CRQL/ ZONE SPECIFIC PRG
of G\V (RDL 1 2

1 (b) (c) 0-5ft

N/A! 311 I 1.31 31!
N/A 1s 50 50 50

____ AS 3 1 1 i _____
N/A .517 01 (d) 22 5 7

=N/A 775[ 0.1 0. 775
N/A 1292 0.05 0.11 1292

Eu-152 0.038 N/A 20667 0.1 0.1 20667
Eu-154 0.067 N/A 20667 0.1 0.1 20667
Eu-155 20 N/A 103333 0.1 20 103333
H-3 55900 N/Ar 517 400 517 517
K-40 0.077 N/A 145 4 (e) 4 145
Na-22 3.5 N/A 207 4 (e) 4 207
Ni-63 3530 N/A 46500 30 3530 46500
Pu-2 38 1.7
Pu- 239/240 1.4
Ra-226 0.007
Sr-90 37
Tc-99 553
Th-228 47
Th-232 3.1
U-233/234 3.1
U-235 0.17
U-238 (g) 0.68
INORGANICS (mg/kg)
Antimony N/A 32
Arsenic 0.31 24
Barium N/A 560
Cadmium 26 8
Chromium VI
Lead

3.9

N/A
40

Manganese N/A 40
Mercury j N/A 2.4
Zinc N/A[ 2400
ORGANICS (mg/kg)
Aroclor 1260 (PCB) 0.083
Benzo(a)pyrene 0.088
Chrysene N/A
Pentachlorophenol 5.3

5, 1.7 5
N/A 4 1 1.4 4
N/A 003 0.1 0.1 0.1
N/A 129 1 37 129
/A 26 15 26 26
4/A 0 103 1 (f) 1 1
'/A 0013 1 1 1
N/A 5 I 3.1 5

5/A 6 1 1 6
N/A 6 I _ 6

7 _ O 002 6 616

:3 01 1 11 1
258 20 2581 2581

0 775 05 0775 0.775
0.026 1 I I I I

8 0 3 1 81 8
13 1.5 13 13

0 0.02 0.31 0.31
775 2 1 7751 _7275

/A 17 0.033 0.083 137
4/A 5.68j 0.33 j0.33 5.681 3
4/A
q /A

0111 0.33
7) 08]

0.331 0.33
0.8

CRQL=contract required quantitation limit
CRDLcontract required detection limit
N/A-NOTV APPLICABLE
NC=NOT CALCLJIATED. Approprialc calculation not esta ilish d at this fime
TR=Targe Risk
IIQ=iHazard Quotient
(a)=Residential exposure scenario accounting for decay to 2( 18
(b)=Based on Summer's Model (EPA 1989b)
(c)=Based on 100-BC-5 OU Work Plan QAPjP (DOE-RI 19 2)
(d)'=Detection limit assumed to be sane as Cs- 137
(e)=Based on gross beta analysis
(f)=Detection limit assumed to be same as Tl-232

(g)=lncludes total I f no other data exist
(h)=Value calculated exceeds 1,000,000 ppm therefore use D,0,000 ppm as default

E 2 5
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Table 2-4. Potential Preliminary Remediation Goals
Modified Frequent-Use Scenario.

HUMAN HIALH f CRQL/ ZONE SPECIFIC PRO
QICRDL

_TR I E-06(g) fiQ=_ . (c) 0-15ft
RADIONUCLIDES (pCi/g)
Am-241 1.3 N/A I 1.3
C-14 851 N/A 50 851
Cs-134 22 N/A 0.1 (h) 22
Cs-137 0.036 N/A 0,1 0.1
Co-60 0.11 N/A 0.05 0.11
Eu-152 0.038 N/A 0.1 0.1
Eu-154 0.067 N/A 0.1 0.1
Eu-155 20 N/A 0.1 20
H-3 55900 N/A 400 55900
K-40 0.077 N/A 4 (i) 4
Na-22 3.5 N/A 4 (i) 4
Ni-63 3530 N/A 30 3530
Pu-238 1.7 N/A 1 1.7
Pu-239/ 2 4 0  1.4 N/A 1 1.4
Ra-226 0.007 N/A 0.1 0.1
Sr-90 37 N/A 1 37
Tc-99 553 N/A 15 553
Th-228 47 N/A I (d) 47
Th-232 3.1 N/A I 3.1
U-233/234 3.1 N/A 1 3.1
U-235 0.17 N/A I
U-238 (e) 0.68 1N/A I
INORGANICS (mg/kg)
Antimony N/A 3.2 6 6
Arsenic 0.31 2.4 1 1
Barium N/A 560 20 560
Cadmium 26 8 0.5 8
Chromium VI 3.9 40 1 3.9
Lead N/A! N/A 0.3 0.3
Manganese N/A 40 1.5 40
Mercury N/A 2.4 0.02 2.4
Zinc N/A 2400 (I) 2 2400
ORGANICS (mg/kg)
Aroclor 1260 (PCB) 0.083 N/A 0.033 0.083
Benzo(a)pyrene 0.088 N/A 0.33 0.33
Chrysene N/A N/A 0.33 f 0.33
Pentachlorophenol 5.3 N/A 0.8 5.3

CRQL=contract required quantitation limit
CRDL=contract required detection )ail
N/A= NO' APPLICA I
NC=NOT CALCULAIED1) Appropriate calculati,
TR=Target Risk
HQ=Hazard Quotient

o no established at this time

(a)-Rcrc.tional exposure scenario accounting lot Jeca to 2018
(b)=Based on 100-BC.5 OU Work Plan QAPjF (D'iE-IC. 1992)
(c)-Detection limit assumed to be same as Cs-! 37
(d)=Based on gross beta analysis
(c)=Detection limit assumed to be sane as Th-232
(I)=Includcs total U if no other data exist
(g)=Value calculated exceeds 1000,000 ppm there ore i se 100,000 ppm as default

)A2-6
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Table 2-5. Potential Preliminary Remediation Goals
Complete Excavation Scenario.

HUMAN HEALT H CRQI/ ZONE SPECIFIC PRG
CRDL I

TR- I -06(g) Il)= 0.1 (ci 0-GW
R.ADIONUCLIDES (pCi/g)
Am-241 1.3 N/A 1 13
C-14 851 N/A 50 851
Cs-134 22 N/A 0.1 (h) 22
Cs-137 0.036 N/A 0.1 0.1
Co-60 0.11 N/A 0.05 Oil
Eu-152 0.038 N/A 0.! 0.1
Eu-154 0.067 N/A 0.1 0.1
Eu-155 20 N/A 0.1 20
H-3 55900 N/A 400 55900
K-40 0.077 N/A 4 (i) 4
Na-22 3.5 N/A 4 (i) 4
Ni-63 3530 N/A 30 3530
Pu-238 1L7 N/A I 1.7
Pu-239/240 1.4 N/A 1 1.4
Ra-226 0.007 N/A 0.1 0.1
Sr-90 37 N/A 1 37
Tc-99 553 N/A 15 553
Th-228 47 N/A I (d) 47
Th-232 3 1 N/A 1 3.1
U-233/234 3.1 N/A I 3.1
U-235 0.17 N/A I I
U-238 (e) 0.68 N/A I
INORGANICS (mg/kg)
Antimony N/A 3.2 6 6
Arsenic 0.31 2.4 1
Barium N/A 60 20 560
Cadmium 26 8 0.5 8
Chromium VI 3 9 40 1 3.9
Lead N/A N/A 0.3 0.3
Manganese N/A 40 1.5 40
Mercury N/A 2.4 0.02 2.4
Zinc N/A 2400 (I) - 2 2400
ORGANICS (mg/kg)
Aroclor 1260 (PCB) 0.083 N/A 0,033 0.083
Benzo(a)pyrene 0.088 1 N/At 0.33 0.33
Chrysene N/A N/A( 0.33 0.33
Pentachlorophcnol 53 N/A 0.8 5.3

CRQLsconract required quantitation limit
CRDL=contract required detecton Iiiiii
N/A= NOT APPLICABL.E
NC=NOT ( ALCUL AT .)Appropriate calculatior not established it this time

TR=Target Risk
HQ=Hazard Quotient
(a)=Recreational exposure scenro accounting Jor d cay to 2018
(b)Based t i 100-BC-5 OU Work Plan QAI'jV (DO: -RL 1992)
(c)=Detection limit assumed to be same as Cs-I 37
(d)=Based ont gross beta analysis
(c)=Detectin limit assumed to be same as Th-232

(f =Includes total U if no other data ex ist
(g.)-Value calculated exceeds 1,000,000 ppm thereft e us 100,00 ppm as default

LA2-7



L)O /RL-94-61
Rev. 0

D A2 8



)O/R -94-61
(ev 0

ATTACHMENT 3

VOLUME DOCUMENTATION

DA 3-

DR/Acr



DO 2/RL-94-61
Rev. 0

LA3 2



DOE/RL-94-61
Rev. 0

Figure 3-1. 116-C-5 Occasional-Use Scenario.

Zonel I& Zone2 Zone3 Zone 4 Refined
Ill-C-S 0-3fl lj 3-65 6-loft 10- 155 15-20 20.25 | 25-30| 30-355 COPC

Max | Soreo * |Max | Scro " * Max SSreenin Ma I Soreening' Max IScrenn * Max Soreonin * Max Screen/n Max ScPe.can . Sumun
RADIONUCLIDES (PCV/)
A1-24I 3.40E0.INO a b e I 3E-OI INO bod e _ NO ed e I _ NO d e 4.001E4NO d e NO d . I| _NO d o NO d e 

C-14 2.59E+02NO abe NO bd _ | NO de| NO do 4.OE-1INO d e NO d . | _NO d e NO d e
Cs-134 N.8204[NO abd d 5.52E-cNO bed I.E-03NO ode 11 7.82E-4 NO d o 6.90E-04NO d o 3.91E-03NO do . - NO d NO d e

Cs-I l73E+03 2.15E+01 YES 2.77E+01 LES d ] 04j+02 NO _d 8.30E+01 NO d j2.21E+01 'O d NO d e NO d . YES
Co-o .9+0|YES 3.05E+02 JYES d 2E N d 3.17E+01 NO d 5.00+01 NO d 5.E+00NO d NO d NO d e
E.-152 5 7 7 d , ||h0 5.75E N00|N d [4.4E+02 NO d 1.78E+02 NO d | 2E00 NO d |NO d . NO d o|YES
E-14 =.7+03 d .E Y d .16E+o O - d 454E+01 NO d [[4.73E+02 NO d | 24E+0NO d NO d e NO d . Y

ES155 535E+02 NO a b c d I7.8E+0l|NO b o d [ 407E01 NO C d 1.71E+00 NO d 3.32E+00 NO d 920E-0) NO d NO d e NO d e [ _
H-3 2.47E+01 NO a b o de l.7SE43NO b NO c d c 2.07E-OI NO d NO do NO d N d o NO d e NO d e _

K40 NO a b c d e NO b o d e NO c d a NO d . NO d NO d e _ _NO d e NO d e
Na-22 NO a b de NO b c d e NO d e NO d e NO do NO d o No do NO d o
Ni-63 456E+03 NO a b d || |NO b o d e INO o d e NO d o NO d i NO d o NO d e NO d e
Pu-238 9.40E+O NO ab NO bde | NO c d e NO d No do NO d e NO d e NO do
Pn-239/240 2. 2 YES 7.0+00 NO b e 2.40E-01 NO C d e 20E+00 NO d I 90E+00 NO d 2.90- 0 d 1 e .0 d e Ys

Ra-226 8.0E-1 NO a b c 680E-INO b e NO o d e NO d e 1.02E+OONO NO d NO do NO d e
Sr-90 I 7.70E+2 NO .bc 2.99E+02N0 ho 312-ONO od 6.79E+OONO d | 5.43E+O NO d 4.2IE00N0 d NO d e NO d o

TC-9 NO a b c d e NO b Cde NO o d e NO do NO do NO do NO do NO d e
Th-ndI NO abode NO bOd NO od e NO do 4.40E+OdNO dOAd

71-232 NO abc d e NO b o d e NO d e NO do NO d _ NO d e NO d e NO d o
U-233/234 I L40&0n-ONO a b ed ____ NO bocd e NO d e 7.80E-0OINO d e 8.40E-OL NO. doe NO do eNO do '0
N-235 E b e d eOEN a_ NO b : d NO c d e NO do 9.00E3 de NOd
U-238 If 3.00E+00NO a becd jj 9.9EltNO bocd e NO o de || NO dec doc NO dedcN
INORGANICSN(mO

Anmn | NO a bod e ____ | o cd e----------co ______|N doeN doe NO doe NO do WNO doll
AnNOabode NO bcdo _ _ NO ode __ _NO do _ NO do NO d o NO d e NO d e

Barion NO a bod e ]2.60E-CZNO bec NO o de # NO doe NO doe NO do ___ NO doe NO doe
CadMium NO ab de NO b d e NO c d e 7 |0E.4- NO do d401 NO d o NO d o
Chromiun E.0902 NO d b INO bo d e NO d e NO d NO do NO doT NO do NO do $
Lead - 64E+02 - e | |NO bo d e NO d e NO do NO d [NO do NO do
Mananese ING . b c d e 1 INO b e d e NO od e NO d . N ) e N O do NO do NO do

. 30E+00NO a bc dNO b de -NO d e NO do NO NO d e INO do NO do
S3.09E+02NO a b e d e 2 NO bode NO od NO d e NO d e NO d o NO dNO d

ORGANICS (mok.) e 70-00- d___N-_
Aroolor i0(PCB) _70= b NO a o d NO bodefO - NO d. 70 -d NO do NO do NO 7ffN_____
Bz_____ NO abode [NO b e d eNO d , NO N dNO d NO d e NO d . Na d c |
PCh~cry bmnI 9.05ENO e I INO b c 

d  
NO d . NO d NO do NO d d d _ NO d _ __

PMtchcopeo 4 9.0E-0 NO a N b c d0 b NO d . N0 d e W |O d W O d e | NO d NO d e(

*0E__ MNO. O b NO d N NO d N M

dgna eo NoNOdonO e0.

he COP are rened based onthe soil coneanaton and c PRO,
TheolisninaioaoaCOPidescibodbynbholotorsnwbiifllow(i.o..a becd, el).

a) Soil conoonradon Or-human heal ocontradon
b) Soil oeontre on < o - enin! conoontaoicn

C) Soil coocentraton < or planO coaceotrojon
d) Soil conecnradion <C or - preneooivenesn of ground waler conematona
e) Soil oononraadoo <or - CRQUCRDL
0) Ra-226 islimnatod as aCOC because non-waoe solo sampLes preseaond

in Table 1-I oflb IhOO0-BC-2 Opersblo Uni LFi Repon (DOE-RL. 199433 niow ana.-2

neaconoentraion clapproxianelyi IpCi/g (i.e.. senage + 2standard doviadions).

PRGa rLiinay eemedoaaioo Goaes
COP - onoaninaas ofpotentiad 0ocm

PB - pelylorinaed bipbenyls
CRQL - oonnc roqunired quanunoo mt
CRDL - conract required doecdan limt
LFi - iinted field iovesdganioo
Max -Blat No infonnanion is avalable, or od dected

Screoning - YES: Exceds PRG
Screening - NO: lininated as COPC

Sret s:

Doan. J3.. and V.R.Rbard. !978 Tables 1 7-4

DOE-RL, 1 993b, Tables 3-3l,3, 336

This COPC able shows man cocavaden in reqeirod tO the 10' deph

- INDICATES CONTAMNANT CONCENTRATIONS ABOVE PRG LEVELS FOR THIs SCENARIO
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Figure 3-2, 116-C-5 Frequent-Use Scenario.

|I Mac | Scroectin0*

Zone 3 Zone 4 Renined
6-lOft 10-158 15-20ft 20-25 25-30ft 30-3Sft COPC

Max I Sreoninogl Max I Sceonine* || Max I cene II Me Iceoo I Mx Ieennol a meoie~~enSMax Sronino _ y
RADI NUCLIDES (pCg)
A-241 l40E+ 1 1, b 1 30E- ::NO b d NO d d a NO do 4.E-3NO d o !NO d NO d t NO d e

-14 + . 1d NO c d4 d | NO d o YEd

Ca.134 7.EC) = b d 5 4 N0 bc LISE-03 NO c d a 7.82E-04 N d | 6.9HE-04 NO de 91E-3 0 d a NO d . | |0- -d |

Cs-13
7 LM E 2 E+ YES d . + d 8.30E+-Ol 2.21E+01 [ NO d r E

C.3 6r 3._E+ YES d 3+ | c d + | .0E+0I NO d | 5.S6E+ NO d - N5 d a NO do
Ea-I5

2  3.rdT+f| I d c17+3 P. + E o d T4 23 d 1.72E+02 NO d 2.61E+01[NO d - NNO d
Eu-154 .E + I d . +h I.h+ 0 4 4.83E+01 d 8.24E +00N 5 d | N dt NO 4 N [YES

Eu.M .E+ 1,b d M E1 b o d .7- o d Li3.32E+V NO i| 9.20E- t NO d NO do NO do
-3 2.40 a b d e N Y b , . d d 207-01 :N d d . | N d . NO d a ES

K-40 NO a b ed e NO b c d o NO e d o NO do a NO d o N d
Na2-f NO b d e NO NO cde N d a N5 d a NO d o NU dN_( d _

Ni-3 4.56E4
3 prs b c d WO b do NO da d NO do NO do - N5 d a NO-d E

P5-238 9., , [ES b I NO b c d e 1NO ode N do NO d o [NO d o NF d NO dPu-239/240 JE+ /.9 E b 2.40E1NO C d e 1. 0E+ r .. 90E00 NO || 2.IE-ONO d o NO d Y
Ra-

226 f Z4l a b C 60E-l WS d c | NO e o _7 N - _.o d N_ d e N 70 -d e |E
Sr. 37+o1 2.2 . c 299E+2 b00) NO , d 6.79E+00 NO d A.J+ NU I 4.21E*0E0NO d NO d e No d e
T-99 | ab d e N bd o [No TV NO d e L Nu d I NO d o NO d a N d a
Tt-228 NO a b d . NO b e d a N5T TcdT NaO - . 4.4 - ||N d a NO e _dE

Th-232 NO abed d_ d NO .d d a -N NO do M d NO d e NO d e
U-233/234 IAOE+0 NO a b d d NO b d e NO e 7.80E-OT NO do 8.40EINO d o NO d o NO d r NO d o
U-235 8.O-O2NO ab d 0 b o a NO . NO d Q0O -02N0 do , (Nd RC .de .d
u-238 30 E+7 MEa b Cd d99oENO1 Ob | d _ 90 zd c -NO _ NO d o NO d o NO do No

WNORGAICS a /k0
obmor O a . NO b I NO a a I WO d a LOde$N N NNO a b c d e N d | N ddN e NO do |_ O d j _NO dej

Barium NO a bo d e 2.60E+ $0 F--NO o NO d o NO do NO d e NO NO _d&E
Cadmium NO b . NO be d o NO d a4 NO do NONO d s NO d o11N d e YE
Chrim NO b o . a NO b o d e NO ed # NoeNO do NO
Lad .NO bode NO dEe NO d if N_ d _N _ e NO d ej NO do
Mangpnoso I abc NO bocd e | NO o de NO doe NO doc NO d e NO doe NO doc
Meuy 4 E ab b NO bd ce NO o d e NO doi NO do NO d No do NOYES
Zine 309E+02N0 abed P No bode NO Cde NO de NO do NO -

OROANMCS (m0/ I
ArflOr 260B O abode NO bcdj c d a NO , d NO d NO do NO doe
Cbenyaa0r3- NO a de | NO bc d e | 'NO o d e NO d e NO do NO d NO d NO do

aasebo d0E-e NO b d NO ode _ N_ do NO d o NO do NO d NO dI
Pee lorpb;nol 9 - NE NO b o d e NO e NO d NO do NO dol NO d pYES

-Mjarasns eoncelntroo are sorecned aafiso te fRi..
The COPC .ro refined based on the soil oo.nrado. and the PRO.

Te leiaon ofa CO C is described by tho lction wich follow (i.e., a, b., ed, ,.

a) Soil coneciontdoe <or- human bealthConcenratn
M Seil Concenratoo < or - animal ooncenrtion

C) Soil conenbration < or -plant cocenntio
d) Soil conceoran on<or-proteod oness ofrourid aster cenc'nration
e) Soil eoaentraion <o . CRQUCRDL
O Ra-226 is eliminated as a COC because non-waste site sanpos presented
m Table 3.1 ofthe 100-BC-2 Operoblo Uoi LF1 Report(DOE-Rl 1994d) show R u -226

at a concesaration ox approxunatny I pC/g (i.e., aerge - 2 standard dvtaooons)

'RO - lrelaninary RenediahOn Goals
COPC = ronamieanns of poteoa er.
PCB -polychlorinatd biphenyla
CRQL -Counel cuird quaniatinon limit
CRDL - co.ace required deteoon Iimit
LFI - linited field investigatioo
Max Blank: No informaeion is available, or not detected
Sroeening -YES: Exceda PRGO
ScreInsg- NO: Eliminatedas COPC

Soure":

Dorian, JJ., and V.R. Richards. I97, Taboes 27- 4, 5. 8,13

DOE-RL, 1993b, Tables 3-31,32,33.36

This Colic table shows Obae ecavation is required en the 20' depth
- INICATES CONTAMNINANT CONCENTRATIONS ABOVE PRO LEVELS FOR ThIS SCENARIO
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Figure 3-3. 116-C-5 Complete Excavation Scenario.

Zone Zone2 ZonRefined

'lb-C-5 0-35 3-6- 20-25ft 25-30ft 30-35ft COPC

| Max | ~Soreig | Mx|reesinn *| a SreiMax So[Srein' | Mxreenieig Max o screulo Ma, Sereenia * Max Secoastng * Summorv

RAIONU1CLDES (PCi/g)
AaC-241 ,340E+OI|YE a o l.30E-CI NO b c d e NO I d . NO d E 4 43 NO d c INO d e |NO d E I NO d e S
C-14 259E+02YESa b C NO b e d . NO e d C [ | d 4E-l NO [ No ' ' NO d NO d e IYS

Cs.34 7.82E+ Ys a b C d a552E-N1 40 beNO . d e d7o82E-4 NO a 6,90E4 NO d || NO d e YES

Cs-1137 L73E+031YES 2 15E+03YES I 2.77E+|YE d .E+2 YES d 90ES d 2.21E+0[ IYES Id NO d e NO d E YES

C-IS " 55E+03 Y l E d ES d 56E+ ' d NO d |NO d E |§,-

|Ee-152 5.75E+03 YES d I3EM iYE d .75E+0|E c d 1.64E+02 YES d L1E0 YES id 2.61h+0tYES Id | NO d I 70-NO d Y jES
Ee..154 6.53 +03 YE I .0+2[E ~+0N d 4=54E+ 1 Y d 4.83E+1 YE Id 8.24E+0 [YES d | N dI|T|O d e |YES

Esa-IS T.3!E+02 YEr a becd 7.38E+01[NO b 0 ]20E1N |l.1+0N .2+0N 9.2_E__[N ______NO do [ NO doe|E
M6-3 247E+01 N a bod '780E+03 dde 1 NO d NO do YS

K-4, NO a bode( [Obc j |Ode NO ho ___ d__l_|N do e NO do | NO do

Na-22 NO a b o d e 3 |NO I . d 1.0dE41 } Nbed -I | Na__ d NO d . NO d . M

H-63 4.6+03 YES a b c d aNO bo d e |NO e.d 2 | 7 NO d E NO do NO d a NO d |NO d E YES

P-238 9.40E+0N ab NO b e d e NO d N d NO d NO do NO d |NO d

p-239/240 230E+2| 7.9OE-OO|O be 240E-OINO ed |IE+0ONO d ! 90E+0|NO d 290E-O1 NO do NO do NO d ES

Ra-226 | .40E A T 6.800-NO b NO ed | NO do .E|S NO d e NO d NO do S 0E

S9 7.70E+02 YES abec 2.990+02 YES bec 3.12E+00 YES C d . .E+00YS [ 5.43E+006YS 4.2E4 YE0 }N do [NO doeVE

T-99 ab de NO d e dNO d NO N do NO dd ._ NO d E
T-228 NO abde NO bode NO d a NO do 440E YES NO do NO de _ NO do YES

Th-232 NO a bo d e | NO bo d e NO od . NO do NO d o NO d e NO d e _j _NO d a

U-233/234 2.40E+00NO abed NO bode NO I d o 7.80E INO d .40E-CINO d o NO do _ NO d NO do

U-235 l.00-02 N0 a8bd-e NO b de NO o d e NO do 9.00E-C3NO do NO do NO do ___ NO d E
10-238 3.OOE+0ONO aa UC | 9E-l 1 lNO bocd e ____NO o de NO do e NO doe NO Jo ___ NC do| |NC doe

KNAN22 CS 
7mdd 

)

Ao nv Nko) b o21 ___| [NO b9de I NO d e NO doll NO d e NO d e NO d NO do

Asnie _ NO a b e d NO b o de NON d e 70N d I INO d , NO de NO dot NO d a
Ba-23 NO a N c d e . NOI b d NO e d . NO d e |_ _NO do 1  

NO d e NO d e _ _ NO d o

Cadmium NO a bo d NO b o d NO e d N do E 8-40E-01 NO do NO d jNO d _

Lead 564E+02 Y o NO bo d e NO o d O do N do. NO d E NO d U NO do

ManganeseU-233 NO abode NO b bd _ NO N d _ | |N do __|| NO d d NNO do E ICNO d C I_ |NO d e
Meroun 4.30+0ONO a I ' It bNdO e Nh , d e NO o NO do NO de _| |NO d e NO do NO
Zinc 309E+0ZNO a b c d c NO bd NO ode NO do NO do NO del N_ -O do ______ NO d c

ORGANICS (mzke) -.--- _______ ____ ___________ ___

Art.or 1260 (PCS) |NO a b d ______ NO bode | NO ode NO d boO d _ __ |NO do _ NO d NO d e
Cbeop lEbNO o N b . NO ode NO d e | 40__ ]NO d _____|NO d 4 NO d _ _ NO do

Casteno _.-| NO bod O b ed e ]NO o d a NO d e ]No d ___| NO d _ NO do ____NO do

Peolueblophenol 9.20E4OINO NO bode oN a NO od NO d _ NO d e _| |NO d NO d E INO d e
PoG P Wo s N a I G I e,'-

The COPC a. refined based on be soil e onccration and the PRO-
The elimination ofa COPC is dasceibed by the leters whicb follow (ie. , b .d, e. .

a) Soil conventdon I or - hu.an heat ocenbatios
b) Soil coocenati < o animal eosceatraon
o) Soil coacearation < or - plant concentration
d) Soil conetration or a proteetiveteso of round water oncentreatoo
e) Soil onentration <or - CRQUCRDL
0) Ra-226 is eliminated as a COPC because son-site s ,saples prseotoed

in Table 3-1 ofthe 100-BC-2 Operble Unit LE Report (DOE-RL 1994d) show Radiu7-226
aeaooncenn nof appoois atoly I pCig (i.e,aveag + 2 standarddvia oas.

COPC - oonlamiwanls nf polenial conr

PCB - polychlorinated biplenyls

CRQL cot required quaritation limit
CRDL. - onrat required detection limit
LFI - limited field investigation
Max - Blank: No infosmabon is available, o, st detected
Screening - YES: Exceeds PRG
Screoning - NO: Eliminated s COPC

Donan, J. and V R. Rebard, 1978, Tables 2,7- ,5, 8 13

DOE-RL 19911 T0b.e0 '-' 31 33. 36

This COPC table shows that eucavaton ia required so the 25' depth
, INDICATES CONTAINANT CONCENTRATIONS ABOVE PRG LEVELS FOR THIS SCENARIO
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Figure 3-4. 116-D-lA Waste Site Occasional-Use Scenario.

20 Z 25o25 Zon02 Zone) Zoe4 -5-.f1-C5 | . 3-6* | 6-lOft | 0-155 j| 5-20* II 20-256 II 21-30* l| 30-37i |I 33-40* II 00-45* | 45-50h 09-(1
i Ma Sren nr 1 Mao I sonreen l

RADION1JCLDES (pC /) som_-_I
An-241 |1 L70E01 NO abde | NO b de 1 20E01 NO o de I.OE-32 :NO d I E.00200 NO d 1.10E00NO A 1,10E+00 NO d .402+00 NO d | NO dTIE+NO d 130E+00 NO
C-l4 4.02NO a de 0 c NO bod 4.I oe O de| 4.50E -0[ do NO d| 4.80E-O.NO do 1.30E-OINO d NO do 3.0F -01N4 do| 2 N0-02NO do
C f4 f2EN r W a p a NO b fl1 d Ej 3 S S[fl dE.- a N b.4 4-l jE-d N d NO d .i sKU 4 d -WN

|Cs-37 =2| n M d 2.28E+01Y dr - 7i2E NO c d e 4.57E+0 NO 1.49E+2 NO 3.7420O d 3.05E+02 NO 4 1.90E+02NO d |NO dNe 9.6+01|NO d 9,46E+01 NO 4d f
Co-d | 022+00 I a b d 1 NO e d .l tISE+OtNO .09E+010- | E91E+00|N0 d 5.25E00NO d I.54E+00 NO d NO d o 5.5720ONO 4 | E+(ONO d

-Eu-I52 |TI+0ji _d 6.63E+0 NO 0 d | 124E+02 NU | 1.2E+02 NO | 5.7EMNO d .07E01 NO d 3.1E+01 NO d NO 4 . 190E+nol NO d 590E+01 NO W YS
EO-1S4 g .69E-I NO a b a d 1.24E-01 NO b d NO c d o 1.79E+01 NO .00E+0 NO 5.97E+00 NO d 6.25E+01 NO d 6.1E+00 NO d NO d . 7.25E+00 NO d 7.25E+00NO d
Eu-155 R24E-02NO ab E d e 2.03E-02 NO de NO ode 2.00EOINO NO do 3.32E+O0NO d 2.35E+00NO d NO d . } NO d NO do NO do
14-3 NO ab -d.e SO bde NO ode 3.40E+ I NO d . d . _ 446E+0NO d N d . NO d s N d d so d
K-40 I .04E+01 NO a b . d NO b d 1.IE+01 NO .d 1.34E+0ilNO 6.40E00 NO 7.73E+00 NO d 1.79E+00 NO d .27E+00 NO d NO de 1.20E0 NO d | 20E+01 NO d
N.-2J3 .3E4 NO a b c d c NO b de NO de NO d o 4.72E00NO 239E+O NO de | 2.39E+00|NO d ; I .4E+00NO d . NO d |20E00EN dO 2.0E+00NO do
N-63 _ NO a o , d . NO b o de NO a d . NO d . NO d || NO d | NO dO do [ [NO d NO do NO do
Pu-238 NO bode _ | NO o de . NO o df aNO do NO [ NO do s N do0 iFn-239040 4.aE40-|NY a b d | 2.702E-4NO bo d e 4.70El NO ode 450E00NO 6.0E+00|NO 7.E+00|N& 7.10E+00 NO |30E.0|NO | NO d e 5 7. N+ONO | 5.70E+00 NO |
Ra-22 |NO abode NO bd. 9 .03E-010N 0 NO de 4.+i 4.22+0 | jN 3 dNo d 5 7E NO d ES

JSr-E N00+00NO b d 29-E+00 NO beFd 420E00 NO d 3.67E+01 NO I 1.10-01 NO of 3.94+00NO d 6.63E+000N0 4 .20E+00NO 4 NO do 2.020 NO d 0E+00 NO d
_T-9 NO ab N b N .d0O do |d 2.70E-0 0 d do 3-.014A d oI| |NO do NO d o NO do

5T-222 .62E-O0NO [a b c s NO b o d e 6.36E41}NO . e 630E4tNO. NO dO do 5.00EINO e NO d [ NO do NO d NO do
Tb-232 NO ab de NO bc d e NO ode |NO d o NO doN do NO d o NO d d NO do
_1723 3234 NO a bo d s NO b o d e NO c d ii NO d . NO d NO d NO fl NO d

UI35 7 10Eb3 NO abod NO boe 43 NO c d e 5 40E-03 NO d o 6.70E43 NO d 20E2 NO de 1 20E-02 NO do 730E-0)|NO d NO do 9.10E-3 NO do 0.40E.03 NO del
U-235 110E-010N a bo de NO NO 6 de 1 30E-01 o d e .O ISCE-1 NO d o 2.0EM4 NO do 2702.010N0 do 400E-020N0 do 10E-01040 d NO d }200 0 d 1.20E-010N0 do

INOROANICSm n- -- ---___

Antioon~ey NO a= boe d e || 'aNO bo d e]| __ N__ I d eNO d ,N d ) e NO d NO d 000 d NO djlj |Nlld bo d d
Anonocm_____ NO a4 boe i ilhQkbdo |N_ NNdNO e d Ne , NO d e No d 'e 1  NO d 11 NO&Nl
Cadnum N_ NO abo NO bodj 7 NO a NO d NO d . NO do NO d .f NO d . NO d NO dProse dt ____ NO ja bo e| de _ NO o d e _ NO d NO d NO d NO d ____|NO dl NO d ENO NO d 1Chromiume~ Vl | N a bodol e| |NO boed e ~ NO o de 4.16E+01(E f.tlTTj NO doe NO doe 9.50E402NO | |NO do74!Th N de~YE
Lead 9 N abedel NO boe l NO o de N de 3l 6E+0lN 004 f l 14 +N, -Tt8M 2 f ad o iN* 3 0 i NO QE

Maineanos INO |a bedel| jNO b od e| ___ NO o d el NO d el ___NO do ___ NO do eNO doe 5.192+01040 do e| NO d e NO d e NO d ep...
Merc __r __ NO la boed e) NO boed e| ___NO odd el NO d e| ___NO doe NO doe NO do eNO do el NO doif NO do) NO doe[Zio I[ NO |a bacd. NO bode __ _ e ode| ENO d __| |NO do NO d NO do ___ NO do NO del NO d) NO do

IoNtl2
6 0

0?CD) NO aboe |NO bode }N_ . dNO do 4 1 MN do NO do NO d OE F|NO dNO dO do NO d E
Bseno~olyreno NO |abo d e| NO bacd e| ___ NO C | NO do j (o doe NO doe NO d e| NO do e NO doe NO doe NO doe[

NO a b d NO o d NO do + NO dN d N d N d 05O do NO de NO do_______pe _ ____ NO ab j d d 42_p _NO NO.do NO d NO de NO d Nd do

|NO de ll NO d el NO d eN d el NO d Y

p&O proi~ioaj R&0iido Oah Saso

The COC rerfioed basedo o 6. sod ao- .on nd doPROG.
Theolinusion ofa COPC idesb byteleer wich follow ( . , d. o )

a) Soil 1o.ensdono ouana health oeraorso
b) Sod oosoen <o o - ooamal oooerosbo

0) Soil oovonotio<or- pt -oeoesdno
d) Soil conoonutoe <o- pr-o.n ien s ofgou-d w-er oon tion

0) Soil ooaofeo o- CRQUCRDL
F) Ra-326iselmiesid a aCOC bsoause oo-wooas sileamnptespe-seoted
in Table 3- ofte 00-C-2 Opesble no LF1 Repr(DOE-RL 1o4d) OoswRdiumi-

26

a conoensio of brsdxItely I pCig (i.e., a&ae + 2 soaodarddevom=o-).

COC - cseosonnmans of poieniodn

CE - polyealeroeod bibphbeey
CRQL - onreosareedqantioatoolimi
CR0L - .. nrot reqoired detecon ioni

L[ 1.li,dfold in'esnogaio

Max-Blank: Noonfomaosuilableor nodeoectd

Sreeoig -YES: Exends PRG
Srentiong- NO, Elirooated sCOPC

Dorio-, 1I, and V o chsi l i 9'. Tles 2 7-.1. I 1

DOER-[_ 993b. Tables 3-31. 32, 33, 36

Tha COPC Wable as . 1aa eocsv'tiea is .,q.ired 1. be do' depob

=V-ICATES CONTkoONANTCONCENIATIODNS AVE FIG LEVEL5 FORTIS SCENA+tO
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ATTACHMENT 4
COST DOCUMENTATION FOR THE 100 AREA FOCUSED FEASIBILITY STUDY -

SENSITIVITY ANALYSIS

1.0 COST ESTIMATE SUMMARIES

There are two primary purposes of this attachment. The first is to provide a discussion
on the methods used to develop the cost models in support of the Sensitivity Analysis. The
second is to illustrate the breakdown of major cost elements for one of the representative waste
sites in three remediation scenarios.

The cost models are developed using the Environmental Restoration cost models (1994
fiscal year planning baselines) as the starting point. These Environmental Restoration cost
models were revised for the focused feasibility studies to include all costs associated with the
remedial alternatives. Project 'rime and Cos , Inc., supported both the baseline and focused
feasibility study cost estimating activities. Tlhese models are presented in detail in 100 Area
Source Operable Unit Focused Feasibility Study Cost Models (WHC 1994a). The cost model
document (WHC 1994a) also provides a description of the work breakdown structure and
general assumptions for each cost model.

The cost models are first used to supj ort the cost estimates for the waste sites discussed
in this document. An estimate is run for each waste site based on remediation scenario. A
descsription of the cost model breakdown stricture and examples of estimates are presented in
Tables 4-1 through 4-4.

D %4-3
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Table 4-1. Cost Model Work Breakdown Structure Discussion. (Page 1 of 3)

ELEMENTS AND LEVELS DESCRIPTION

ANA: Offsite Analytical Services This element represents the offsite contractor
performing laboratory analysis of samples.

ANA:02 Monitoring, Sampling & Analys s This level includes the laboratory analysis of samples.
10% of routine samples and all quality control
samples were assumed to be analyzed using level Ill
and level V analysis. Site certification samples were
assumed to be analyzed using level IV and V analysis.

SUB: Fixed Price Contractor This element represents the activities performed by
the fixed price contractor supporting the Department
of Energy's prime environmental restoration
contractor.

SJB:01 Mobilization & Preparatory This level includes mobilization of personnel and
equipment, preparation for temporary facilities, and
construction of temporary facilities.

SUB:02 Monitoring, Sampling & Analysi This level includes in situ monitoring and field
sampling for onsite or offsite analysis. Assumptions
for sampling include one regular sample per 32 cubic
yards re moved (one per container) and one quality
control sample per twenty regular samples. site
certification samples were assumed to be taken at one
per 2,500 square feet of bottom area with a minimum
of four samples. Additional activities included
trea:nent process sampling which was assumed to be
at a rate of one sample per 1,000 cubic yards of feed
material.

SUB:08 Solids Collection & Containmen

SUB: 13 Physical Treatment

This level includes excavation, capping dynamic
compaction, and personnel training. The excavation
activity includes excavation of non contaminated soil,
excavation of contaminated soil, and demolition of
solid waste materials. The capping activity includes
all steps necessary to construct the appropriate cap
layers. The dynamic compaction activity includes the
physical compaction and dust suppression. Personnel
training included the standard 40-hour course, a
fundamentals of radiation safety course, and an 8-
hour supervisor course.

This level includes both soil washing and solid waste
compaction activities such as mobilization/setup,
personnel training, operation, system maintenance,
demobilization, and pre-and post-treatment plan
subniittals. Assumptions include a swell factor of
25% for the material being hauled from the
excavation. 90% of the contaminated material was
assumed to be compactible.

I)A4-4
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Table 4-1. Cost Model Work Breakdown Structure Discussion. (Page 2 of 3)

ELEMENTS AND LEVELS

SUB:14 Thermal Treatment

SUB:15 Stabilization/Fixation

SUB:18 Disposal (Other than commercial)

SUB.20 Site Restoration

SUB:21 Demobilization

WHC: Westinghouse Hanford Company

WHC:02 Monitoring, Sampling & Analysis

DESCRIPTION

This level includes thermal desorption
mobilization/setup, personnel training, system
operation, demobilization, and pre-and post-treatment
plan subinittals. It is assumed that 5% of
contaminated soil is organically contaminated and will
be thermally treated should organics be present. An
additional assumption includes a swell factor of 25%
for the material being hauled from the excavation.

This level includes in situ vitrification
mobilization/setup, personnel training, system
operation, demobilization, and pre- and post-
construction submittals.

This leve; includes transport to the disposal facility
and disposal fees/taxes. Assumptions include a 60%
swell factor for demolition waste and 25% swell
factor for soils. Reduction in volume is achieved and
quantified based on the treatment process. A disposal
tee of $70/cubic yard was assumed based on current
estimates for initial construction,
operations/maintenance, and anticipated expansion of
the environmental restoration disposal facility.

fis level includes activities such as load/haul borrow
itaterials, spread/compact borrow and stockpiled
materials, revegetation, and irrigation. Assumptions
uclude the availability of on-site borrow materials at
to additional charge.

this level includes the demobilization of temporary
acilities. Note: Because multiple sites will be
leane up within an operable unit and a cost for
nobilizalion between site sis already included, no
llowance for demobilization is made. Only the cost
or removal of temporary utilities, fencing and
econtarnination facilities are included.

his elcmietnt represents activities performed by the
i irne cut tractor.

his level includes mobile laboratory support, quality
ssurance/safety oversight, and health physics
alpport 910% of routine soil and solid waste samples

Nere as\1 ed to be analyzed using level III analysis.
f outinc stunpling was assumed to occur at one sample
I pr every 32 cubic yards removed (one per
C )ntalflr).
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Table 4-1. Cost Model Work Breakdown Structure Discussion. (Page 3 of 3)

I A4 6

ELEMENTS AND LEVELS

WHC:08 Solids Collection & Containment

Subcontractor Material Procurement Rate

Project Management/Construction Management

General & Administrative/Common Support Pool

Contingency

Total, Capital, Annual Operations and Maintenance

Present Worth

DESCRIPTION

This lcvel includes personnel protection services
including equipment, maintenance, and laundry
services

The materials procurement rate reflects the activities
associatel with procurement or direct materials,
inventories and subcontracts.

This cost accounts for project management,
construction management, and office support
personnel.

The general and administrative costs consist of
indirect costs of activities which benefit the company
and canynot be identified to a specific end cost
objective. The common support pool provides for
site-wide services of which the company pays a
lrIpOI Lw nl share.

A contiugeacy value is calculated for the various
waste it- groups based on an evaluation of the
various levels, the relative importance of the factor to
suLcessful completion of the actibn, and the
probability that the factor will change.

ihe toit aepresents the costs associated with the
renedial action. The total cost includes capital and
iperaions and maintenance of a cap. These costs are
iccounted for through the year 2018.

Preseni worth is calculated using a 5% discount rate
.vcr the hfe of the activity.
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Table 4-2. Cost Summary for Retention Basin Occasional-Use Scenario.

Remove/
Cost Elemi nt Dispose

ANA: Offsite Analytical Service;

ANA:02 Monitoring, Sampling & Analysis 644,130

SUB: Fixed Price Contractor

SUB:01 Mobilization & Preparatory 100,379

SUB:02 Monitoring, Sampling & Analysis 148,000

SUB:08 Solids Collection & Containment 326,159

SUB:13 Physical Treatment

SUB: 14 Thermal Treatment

SUB: 15 Stabilization/Fixaton -

SUB:18 Disposal (Other than Commercial) 11,712,179

SUB:20 Site Restoration 1,409,651

SUB:21 Demobilization 20,057

WHC: Westinghouse Hanford Company

WHC:02 Monitoring, Sampling & Analysis 324,484

WHC:08 Solids Collection & Containment 26,379

Subcontractor Materials Procurement Rate 137,164

Project Management/Construciion Management 2,130,668

General & Administration/Common Support Pool 4,165,456

Contingency

Total

7,612,094

28,756,800

D%4-7
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Table 4-3. Cost Summary for Retention Basin Frequent-Use Scenario.

Remove/
Dispose

Cost Element

Remove/
Treat/

Dispose

ANA: Offsite Analytical Services

ANA:02 Monitoring, Sampling & An lysis 774,640 1,301,880

SUB: Fixed Price Contractor

SUB:01 I Mobilization & Preparat >ry 97,980 88,390

Monitoring, Sampling &

Solids Collection & Con

Anaysis

ain'

SUB:13 Physical Treatment

SUB:14 Thermal Treatment

SUB:15 Stabilization/Fixation

Disposal (Other than Coi imercial)

SUB:20 Site Restoration

SUB:21 Demobilization

WHC: Westinghouse Hanford Comp

WHC:02 Monitoring, Sampling &

WHk US Solids Collection & Cont

Subcontractor Materials Procurement

Project Management/Construction T

General & Administration/Common S

Contingency

Total

321,090 882,670

nent 839,910 1,519,630

- 2,592,760

I ___________ -___________ -______________________

24,163,790 17,366,660

3,1 12,830 2,901,180

20,000 18,140

toy

\na lysis 610,680 1,713,400

Rat 285,560 2,556,960

nagement 4,426,270 5,922,960

uipport Pool

56,630

8,653,360

189,230

11,579,390

15,610,580 21,752,540

58,973,320 80,543,180

[A4 8
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Table 4-4. Cost Summary for Retention Basin Complete Excavation Scenario.

Remove/
Dispose

ANA: Offsite Analytical Serx iccs

ANA:02 Monitoring, Sampliig & Analysis 913,570

SUB: Fixed Price Contractor

Cost Element

SUB:01

SUB:02

Mobilization & Prep

Monitoring, Samplin

SUB:08 Solids Collection &

SUB:13 Physical Treatment

SUB:14 Thermal Treatmert

SUB:1 5 Stabilization/Fixatioi

SUB:18 Disposal (Other than

SUB:20 Site Restoration

SUB:21 Demobilization

WHC: Westinghouse flanford C

WHC:02 Monitoring, Sanplin

WHC:08 Solids Collection & C

Lratory 104,450

& Analysis 379,750

'onlainmern 844,390

Poumercial) 29,413,050

3,028,140

20,620

npany

& Xnalysis

onttinmnent

Subcontractor Materials Procurement Rate

Project Management/Construction

General & Administration/Comm<

783,530

69,290

337,900

Managemenr 5,247,170

B S Ipport Fol

Contingency

Total

10,258,210

J,850,402

69,904,090

DA4 9
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ATTACHMENT 5
100 AREA-WIDE ESTIMATE DOCUMENTATION

The 100 Area-wide estimates were prepated to provide a basis for summarizing and
comparing volume and cost information for similar types of waste sites across five exposure
scenarios. Waste sites included liquid waste disposal sites, burial grounds, candidate sites for
decontamination and decommissioning, and other solid waste disposal sites. All known waste
sites, including IRM and other sites not identifiec as IRM candidates (miscellaneous sites) were
evaluated for the estimates. This attachment describes the approach to and results of performing
the estimates.

1.0 WASTE SIT E INVENTORY

The first activity necessary to perform volume and cost calculations and estimates for the
100 Area waste sites was to develop and apply a decision making process for grouping similar
sites into one of four groups. The approach and r esults of this inventory process are discussed
below.

1.1 INVENTORY APPROACH

The overall approach to developing the inventory of 100 Area waste sites is presented in
Figure 5-1. Each of these categories were then further divided into two areas. IRM sites were
split into sites which received process water (e.g., cribs, trenches, etc.) and those sites which did
not receive process water (e.g., septic systems). In general, all sites were divided first into IRM
sites and miscellaneous sites. Miscellaneous sites were divided into potential and contaminated
sites. Potential miscellaneous sites were assessed to determine if remedial action was warranted
(excluded sites). The IRM sites, contaminated miscellaneous sites, and potential miscellaneous
sites that still warranted remedial action were screened to identify sites which were insensitive to
volume (and therefore cost) changes under the various exposure scenarios (site
insensitive-scenarios). Site scenarios insensitive (SIS) were not included in the volume and cost
estimates because they would not influence the relative variations of volumes and costs between
the exposure scenarios. The remaining IRM sites, contaminated miscellaneous sites and
potential miscellaneous sites, were assigned to one of four representative size groups (e.g., pluto
crib, retention basin, etc.).

1.1.1 IRM Sites

The IRM sites are those sites that have beei identified as candidates for IRM by various
100 Area operable unit work plans, LFI reports, and related FFS documents. The identified IRM
sites were screened to determine if any qualified as SIS (see Section 1.1.3 of this Attachment 5
for discussion of this process). IRM sites that were not identified as SIS were assigned to groups
with similar representative sizes, based on site specific information available from published
100 Area documents (e.g., LI reports). The p:inary information used to make these group

DX5-3
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assignments included available data on waste site geometry, CV, EV, and depth of
contamination.

1.1.2 Miscellaneous Sites

Miscellaneous sites were all of the oter waste sites known to be present in the 100 Area
not identified as IRM candidates. The primary source of information regarding miscellaneous
sites was the Hanjord Site 100 and 300 Subproject Excavation and Waste Volume Study (WHC
1994). Some additional information was provided by 100 Area operable unit coordinators based
on data available in published 100 Area documerts (e.g., LFI reports). Miscellaneous sites were
first assessed to separate those waste sites for wh ch an exposure scenario based on occasional
use woul [indicate that remediation was not warranted from those waste sites for which
remediation would be needed under either frequent- or occasional-use scenarios.

Contaminated miscellaneous sites were identified as those sites with data indicating the
presence or potential presence of chemical and/or radionuclide contaminants. The identified
contaminated miscellaneous sites were screened to determine if any qualified as SIS (see
Section 1.1.3 of this Attachment for discussion of this process). The remaining contaminated
miscellaneous sites were then subjected to a s.rie of quantitative criteria (see discussion under
Section 1.1.4 of this Attachment) to determint which representative size group each
contaminated miscellaneous site was analogois t(

Potential miscellaneous sites were identifi-ed as those sites with data indicating there is no
potential for the presence of chemical and radionuclide contaminants. Potential miscellaneous
sites were further evaluated to determine if no remedial action would be warranted, regardless of
the potential exposure scenario (excluded sites). In order to qualify as an excluded site, a waste
site would have to be in such a condition that simple demolition and removal would be the only
action required, and thus CERCLA would be an inappropriate program under which cleanup of
the waste site should be conducted.

Potential miscellaneous sites that were not screened out as excluded sites were assessed
to determine if any qualified as SIS (see Section 1.1.3 of this Attachment for discussion of this
process). The remaining potential miscellaneous nites were then subjected to a series of
quantitative criteria (see discussion under Section 1.1.4 of this Attachment) to determine to
which representative size group each potential miscellaneous site was analogous.

1.1.3 Scenario Insensitive Sites

The 100 Area contains a variety of was ie s te types., some of the site types have a
generally constant volume of contaminated material and would have a generally constant volume
of soil requiring excavation for remediation. These volumes are likely to be constant primarily
because the wastes were disposed (or are present) in a manner and in an environmental matrix
which have resulted in minimal contaminant migration. As a consequence, the volumes of
material to be remediated from these waste sites is not likely to change, regardless of the type of
exposure scenario (i.e., frequent use versus occasional use). All IRM and miscellaneous sites

DA5 4
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were assessed to determine if they qualified ,s SIS. The criteria applied to determine if a waste
site qualified as a SIS included:

- No record of free liquids disposal. Based on this criteria, basins, trenches, cribs, and
other liquid disposal sites did not qua ify as SIS.

* A record of receiving solid wastes on y, and that any liquids present were incidental and
very small relative to overall waste v( lunies. Based on this criteria, the burial grounds
and demolition debris landfill qualifitd as SIS, whereas some sites such as the White
Bluffs Solid Waste Disposal Site and rhe ash pit did not qualify because it could not be
confirmed that they had not received significant volumes of liquids for disposal.

* Units which had been used to contain liqi ids (e.g., tanks, piping) would likely not have
leaked, or any potential leakage wouhd lik ely be very small relative to the overall unit size
and would likely be confined to a few iso. ated locations. Based on this criteria, tanks
(including septic tanks) did not qualif- as SIS, whereas piping did qualify.

1.1.4 Representative Size Group Assignment Criteria

In order to perform the sensitivity ana ysit.. it was necessary to assign all waste sites to
one of four representative size groups. This g rouwing was performed only for purposes of the
volume and cost estimate, and does not direct y rcpresent the analogous facility approach
presented in the Process Document and operaAle unit-specific FFSs. For IRM sites, group
assignment was accomplished by relying on i ifornation provided in numerous documented
sources that have been developed for the 100 \re;i (e.g., LFI reports). In the case of the
miscellaneous sites, comparable sources of da a were not readily available. Assignment to
representative size groups was performed usirig ciiteria similar to that used for the IRM sites.
The decision making criteria for miscellancou; site group assignment is depicted in Figure 5-1,
which in general required that:

. Waste sites with CV less than 500 cub c meters and with depth of contamination less than
20 feet were assigned to the pluto crib repiesentative size group.

. Waste sites with CV less than 3,500 et hic meters and with depth of contamination less
than 30 feet were assigned to the proce .s effluent trench representative size group.

- Remaining waste sites with CV less th;n 50,000 cubic meters were assigned to the fuel
storage basin trench representative size gre up.

- Remaining waste sites with CV greater thai 50,000 cubic meters were assigned to the
retention basin (RB) representative siz< group.

Data for CV and contamination depth at the mi sce'laneous sites were derived from the Hanford
Site 100 and 300 Subproject Excavation and I aste Volume Study (WHC 1994).
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1.2 INVENTORY RESULTS

The results of the inventory decision naking process are documented in Table 5-1. It
should be noted that a number of sites were identified as SIS, including some IRM sites, and thus
were not carried forward through the volume and cost estimate tables in this attachment. As
additional site specific data is collected, it may he appropriate to exclude other waste sites from
further cleanup actions.

Once the waste site screening and inx'2ntory process was completed, information on the
different types of sites (e.g., IRM, potential iisc-llaneous) and the representative size groups
was used to tally the number of each type of site The resulting inventory of sites is presented in
Table 5-2. As stated above, several SIS were identified and Table 5-2 does not include these
sites in the inventory. The waste site inventory jrovides the basis for developing volume and
cost calculations for each type of waste site under the various exposure scenarios considered in
the sensitivity analysis. Sections 2.0 and 3.0 des :ribe how the inventory results were used to
develop the volume and cost calculations, respec ively

2.0 VOLUMI CALCUlATIONS

2.1 VOLUME APPROACH

In general, volume calculations are performed by multiplying the number of sites
identified in the inventory effort by the corresponding representative waste site and exposure
scenario volume figures derived in Section 3.1 of the Sensitivity Analysis Report Addendum.
For example, to calculate the total contaminated volume of soil under the FFS exposure scenario
for all IRM sites in the pluto crib representative s ze group, the number of pluto crib/IRM
process sites (22, as derived from Table 5-2) would be multiplied by the CV for the pluto
crib/baseline exposure scenario (200 cubic meters, as derived from Table 3.2) to calculate 4,400
cubic meters. The volume calculations of priiar' interest for the sensitivity analysis and for
purposes of developing a 100 Area-wide volu ne estimate included calculating the total CV and
EV for all IRM sites and miscellaneous sites, md presenting these calculations in terms of
representative size groups and exposure scenarios. The results of the volume calculations are
discussed in Section 2.2 of this attachment.

An exception to the above approach w is made for potential miscellaneous sites. Given
the absence of chemical and radionuclide contaminants for these sites, it was determined that
under an exposure scenario where the land surface would be subjected to only occasional use,
there was no basis for remediating these polenlial miscellaneous sites. A typical example of such
a waste site would be a septic drainfield whicl received orly domestic wastes from a small
structure or office (e.g., a guard shack) Un de an occasional-use exposure scenario, there would
be no basis to remediate the site, whereas undt r a requent-use scenario it would be more likely
that the waste site would have to be cleaned up to allow the site to be used. Therefore, rather
than apply the standard volume figures presenried in Section 3.2 of the Sensitivity Analysis, a
volume figure of zero (0) was applied to poten ial miscellaneous sites in the baseline and
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occasional-use exposure scenarios. The volume figures from Section 3.2 were applied for the
frequent-use, modified frequent-use, and total excavation scenarios.

2.2 VOLUME RESULTS

Tables 5-3 through 5-6 present the C\ and EV calculations, respectively, for all IRM
sites, sorted by representative size group. Tables 5-7 and 5-8 present the CV and EV
calculations, respectively, for all contaminatel m scellaneous sites, sorted by representative size
group. Tables 5-9 and 5-10 present the CV and FV calculations, respectively, for all potential
miscellaneous sites, sorted by size group. Table '-II provides an area-wide estimate of the
volume calculations for the 100 Area waste si'es, sorted by representative size group. Table 5-12
provides an area-wide estimate of the volume calculations lbr the 100 Area waste sites sorted by
IRM and miscellaneous sites. A volume summar' by operable unit and waste type is presented
in Table 5-35.

The CV and EV for the SIS were derived hrom existing literature and documentation
(e.g., LFI reports) for the scenario insensitive RI sites, and from the Hanford Site 100 and 300
Subproject Excavation and Waste Volume Study (WIHC 1994) for the scenario insensitive
miscellaneous sites. The approximate SIS vol imvs estimated from the available data are:

- Contaminated Volume 1,400,,)0 in 3

- Excavated Volume 3,600,000 ]3

2.3 VOLUME CHANGES

Percent volume changes are calculated for ill exposure scenarios relative to the baseline
scenario, which is considered to be the base case. rable 5-13 provides an area-wide estimate of
the percent change in contaminated soil volume for the 100 Area waste sites, sorted by
representative size group. Table 5-14 provides an area-wide estimate of the percent change in
excavation volumes for the 100 Area waste sit s, srted by representative size group. Table 5-15
provides an area-wide estimate of the percent c-iange in contaminated soil volume for the 100
Area waste sites, sorted by IRM and miscellancous sites. Table 5-16 provides an area-wide
estimate of the percent change in excavation vc lumes for the 100 Area waste sites sorted by IRM
and miscellaneous sites.

3.0 COST CALCULATIONS

3.1 COST APPROACH

In general, cost calculations are performed by multiplying the number of sites identified
in the inventory effort by the corresponding representative waste site and exposure scenario cost
figures derived in Section 3.3 of the Sensitivity Analysis. [he approach was generally identical
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to that described above for volume calculations. The cost calculations of primary interest for the
sensitivity analysis and for purposes of devel >piiig a 100 Area-wide volume estimate included
calculating the total RD, RTD and capping costs for all IRM sites and miscellaneous sites, and
presenting these calculations in terms of representative size groups and exposure scenarios. The
results of the cost calculations are discussed in Section 3.2 of this attachment. As with the
volume calculations, an exception was made Kor ootential miscellaneous sites, where a cost
figure of zero (0) was applied in the baseline md occasional-use exposure scenarios. The cost
figures from Section 3.3 of the Sensitivity Ar aly is were applied for the frequent-use, modified
freque t-use, and total excavation scenarios.

Unit cost data for SIS are derived from the RD alternative analysis in the Draft 100 Area
Source Operable Unit Focused Feasibility Sttdy Report, Draft 100-BC-1 Operable Unit Focused
Feasibility Study Report, and Draft 100-KR-1 Operable Unit Focused Feasibility Study Report.
A unit value of $600 per contaminated cubic meter was suggested by the data in these FFS
reports. The unit cost was based on RD costs for burial grounds because they comprise 93% of
the SIS contaminated volume estimate. Burial ground unit remediation costs in the FFS ranged
from $550 to $10,000 per cubic meter of contiminated volume. The high value represents a very
small (61 cubic meter) burial ground and has ittlic impact on the average cost. The average
burial ground unit cost was calculated at $600 pei contaminated cubic meter, rounded to one
significant figure.

3.2 COST RESULTS

Tables 5-17 through 5-22 present the ED, RTD, and capping cost calculations for all IRM
sites sorted by representative size group. Tables 5-23 and 5-25 present the RD, RTD, and
capping cost calculations for all contaminated miscellaneous sites sorted by representative size
group. Tables 5-26 through 5-28 present the RD and RTD cost calculations for all potential
mis llaneous sites sorted by representative size group. Table 5-29 provides an area-wide
estimate of the cost calculations for the 100 Area waste sites sorted by representative size group.
Table 5-30 provides an area-wide estimate of the cost calculations for the 100 Area waste sites
sorted by IRM and miscellaneous sites. A cost summary by operable unit and site type is
presented in Table 5-36.

The total cost for RD of the SIS is estimated at $900 million. The cost for RTD will be
the same, because 0% treatment (RD only) is assuned for the SIS based on the alternative
analyses in the FFSs.

3.3 COST CHANGES

Percent cost changes were calculated f r all exposure scenarios relative to the Baseline
scenario, which was considered to be the base case. Table 5-31 provides an area-wide estimate
of the percent change in RD costs for the 100 Area waste sites sorted by representative size
group. Table 5-32 provides an area-wide estinm ate of the percent change in RTD costs for the
100 Area waste sites sorted by representative s ze group. Table 5-33 provides an area-wide
estimate of the percent change in RD costs for 'he 100 Area waste sites sorted by IRM and
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miscellaneous sites. Table 5-34 provides an area-wide estimate of the percent change in RTD
costs for the 100 Area waste sites sorted by IRM and miscellaneous sites.
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Figure 5-1. Inventory Process Diagram. (Page 1 of 2)
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Figure 5-1. Inventory Process Diagram. (Page 2 of 2)

Representative Size Group AssignmnutCaritedr

Contaminated No Z No Pluto Crib
Volume > 20' ? (malSl)

> 500 M'?
Yes - - Yes

Contaminated No Z Noj ProcessEffluent
Volume > 3L' ?I Trench

> 3500 M'? J (Medium)
Yes _.--_.- -_ -- YEs

Contaminated No Fuel Storage
Volume - - - - Basin Trench

*$0,000 M'? (Large)
Yes

Retention
Basin

(Very Large)

(1) Other Miscellaneous Sites: No radionuclide and chemical contamination. Cleanup
warranted only for scenarios with frequent land surface use.

(5) Contaminated Miscellaneous Sites Radionuclide or chemical contamination
is present or suspected.

(6) Scenario Insensitive Sites (SISs). Sites for which volumes do not significantly
change based on exposure scenarios.

Z - Depth of Contamination in fret
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Table 5-. 100 Area Vaste Site Summa ry (Sheet I of 6).

IRM Sites MIcellaneous Sites
Operable Site Name P e Non- Contaminated Potential Excluded SIS PC

Unit IProcess (a) (b)
100-B

BCI 116-B-I X
BCI 116-B-2 X
BCI 116-B-3 X
BC] 116-B-4 x
BCI 116-B-A X
BCI 116-B-6A X
BC! 116.11-613 x
BCI 116-B-7 X

BCI 116-B-9 x
BC 116-13-10 x

BCI 116-B-11 X
BCI 116-B-12 X

BCI 116-B-13 X
BCI 116-B-14 x
BC 16-B-15
BC] 116-1-16 X
BCI 116-C-I X
BC! 116-C-5 X
BCI 118-B-5 x
DCI 118-B-7 NX
BCI 118-B-10 X

BC: 120-B-1 X
BCI 126-B-1 X
BCI 126-B-3 X

BCI 128-B-1 X
BCI 128-B-2 X
Bl 132-B-1 X
BCI 132-B-3 x

BCI 11607-B-1
BCI 11607-B-2

x
x

-! IZ -X I

BC2 I!6-C-2A X
BC2 116-C-211 X
BC2 I16-C-2C x
BC2 116-C-3
BC2 116-C-6
BC2 118-B-1
BC2 118-B-2
BC2 118-B-3
BC2 118-B-4
BC2 118-B-6
BC2 II8-C-I
BC2 118-C-2
BC2 118-C-4
BC2 126-B-2

x
x

X L . .

K

-10<p

X
XN

Size Category
PET FSBT RB

(c) (d) (e)
erable Uniw

X

X
X

X
x
x

x
x
X

X

X

X

X X
X

X
X

x

X
X

X

X
X-
X

Xx

x X

C) (i eX

N
X X

X X
X X

I 0i-B( 2 Op rable U,

Kx

N
x
X
X

N
N

N
N

N

-X-
X -

X

X

X

XX
X
X

X
x

X

x
x
X

X
X

X

Xx

NX____
Xl _ _ _ _ _ _

X_ N _ _ _

X

'li i ______ __ - ~ __X_

N ______ X

X

D V5-12

BCl
BCI
BCI
BCI

132-B-4
132-B-5
132-B-6
132-C-2

BC! 1607-B-3
BCI 1607-B-4
BCI 1607-B-5
BCI 1607-B-6
BC! 1607-B-7
BCI Piping

BC2
BC2
BC2

BC2
BC2
BC2

126-B-4
128-B-3
128-C-1
T32-C-
132-C-3
1607-13-8
1607-B-9

BC2 1607-B-10
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Table 5-1. 100 Area Wast Site Summary (Sheet 2 of6).

IRM Sites Miscellaneous Sit's SieCategory
Operable Site Name Process Non- Contaminated potential Excluded SIS PC PET FSHT RB

Unit Process (a) (b) (c) (d) (e)
BC2 1607-B-1I X X
BC2 600-33 X X
BC2 600-34 X X
BC2 Piping __xl_ X

DR1 |107 D/DR-I
DR1 107 D/DR-2

100-PR- ,perable 1)n

DR] 107 D/DR-3 X
DR] 107 D/DR-4 x
DR! 107 D/DR-5 X

DR! 116-D-IA x
DRI 116-D-lB X
DR1 116-D-2 X
DRI 116-D-3 X
DRI 116-D-4 X
DR! 116-D-5 X

DRI I6-4D6 X -
DR1 116-D-7 X
DRI 116-D-9 X

DRI 116-1-30
DRI 116-DR-1 X

DR! ll6-DR-2 X
DR! 116-DR-5 X
DR[ l16-DR-9 X
DR! I 118-0-4-A X
DR I 1I8-D-4-B X
DR1 1I8-D-IS X
DR] 120-D-l X
DRI 120-D-2 X

DR1 126-D-1
DR1 [126-D-2 X
DR1 126-D-3
DR] 128-D-2 X

DRI 130-D-1 X
DR! 132-D-1 x

OR! 13 2-0- Ix
r DI1 132-0-3 I

DR [1607-D-2
R1 1607-D-4

DRI 11607-D-5

X

DR2 Il6-OR-3 _X

DR2 I116-DRA
DR2 1116-DR-6

X

DR2 116-DR-7 X

DR2 116-DR-8 x
OR2 118-D-5 X

DR2 126-DR-1 X
DR2 132-DR-1 A X

Sodium Dichromate
Pumping Station
Piping

DR3 116-DR-10

X _

DR3 1118-D-4 X
OR] 1118-D-2 ____ IX
DR3 1118-0-3 ____ X

OR] II8-D-4 ____

DR3 118-DR-1
1)R3 18D1

IX

100-D

x

I

F

I t

X
X
X
x
X

x
X

X
X
X

x
x

IX
IX

IX IX
X
X
IX

X
x
IX
IX

Sx
X-

X
IX
IX

100-DR-2 O erable Unt

X
X

IX
IX

IX
x
Ix

X
IX

IX
X

IX
IX
IX

IX
X

jx _ _ _ _

- ~ ------ I______ ___X_

IX

-3 O1 rable U..t

X

X
X

X

Xx
IX _ _ _ _ I_ _

IX

IX

x I I

D, 6- 3

X
X

DR! 1628-3 XI

DRI ]Piping

DR) 116---8

X

DR2 11607-D-3

DR2
DR2

7
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Table 5-I. 100 Area Wasre Site Summary (Sheet 3 or 6).

IR Sites hIiscellAneous Sites
Operable SiteName Process Non- Contaminatrd Potential Excluded SIS

Unit Process (a)
DR3 1607-D-l XI
DR3 600-30 X

00-'R- Operable Uni

FRI
FRI

log-F
116-F-I
116-F-2

x
NC
XC

FR1 16-F-3 X
FRI 1116-F-4
FRI I 16-F-5 x
FRI 116-F-6 x'
FRI I16-F-7 X
FRI 116-F-8 x'
FRI Il6-F--9 X'
FRI 116-F-10 X
FRI 16-F--I
FRI 16-F-12 X'
FRI 1I6-F-13 X'
FRI 116-F-14 x
FRI 16.-F-I5 x
FRI 116-F-16 X'
FRI 126-F-2
FRI 128-F-2 x
FRI 132-F-3
FRI 132-F-4
FRI 132-F-S
FRI 132-F-6
FRI
FRI
FRI
FRI

1607-F-2
1607-F-3
1607-F-4
1607-F-5

'C

________________

FRI 1607-F-6
FRI JPR-100-F-l x
FRI Piping X

FRI I00-F-13
FRI 100-F-3
FRI 100-F-4
FRI 100-F-8
FRI I00-F-9
FRI 100-F-10
FRI 100-F-11
FRI 100-F-12
FRI Un-numbered
FRI Un-numbered

20-F
FR2 US-F-I X
FR2 IIS-F-2 XC

FR2 118-F-3 x
FR2 II8-F-4 T x
FR2

FR2

FR2
FR2
FR2

I IS-F-5

I I8-F-6
118 -F-7
Il8-F-9
120-F- I
126-F-I-

FR2 |128-F-Ij
FR2 128-F-3

!FR2 I 07F1
FR2 600-31
FR2 100-F-14

X

It
'C

It
7'

X
X

X

C

ItI-2 0

T1-

Size Category
PC PET FSBT RB
(b) (c) () (e)

____ ____ x 1 X7 -41

X

x
X

X
X

'CX
'C

'CX
'C X

X XC

erableC

XC
XC

XC

1A5 14

FR2 pI00-F-I -

HR l6-H- XI
HRI1116-H-2 

1 1l6-11-3 X: ______'

x
x
X
x

X

x
X

x

X
X

X
Xx

X
X

X

X _X

X x
x -X

X X
X

Xx

Xx

Xx

X

Xx

x

XX

xxX' X
X XC

X X
'CX

X XC

-F' '-

N 'X
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Operable
Unit

Site Name
IRNSites

Process Non-
Process

Table 5-I. 100 Area Wast Site Sumar.y (Sheet 4 of 6).

is te ------ s7
Contaminated

HRI 116-H-4 X
HRI 116-H-5 X
HR 11 6-H-6 x
HRI 116-11-7 x
HR! 116-H-9 X
HRI 132-H-1 x
HR1 132-H-3 x
HRI 1607-H-2
HRI 1607-H-A
HRI Piping xI

I00-1-I I

HR2 105-H N
HR2 118-H-1 x
HR2 118--H-2 x
HR2 118-1H-3 x
HR2 118-H-4 x
HR2 118-H-5 X
HR2 126-H-1 x
HR2 126-H-2
HR2 128-H-1 x
HR2 128-H-2 X

- R2 '128-H1-3 - -X
HR2 1111-H-2 X

HR2 11607H-3
HR2) 11607-11-3 1

Potential Excluded

x
X

R-2 perable Urit

X

X

X

SIS
(a)

PC
(Ib)

Size Category

X
x

x
X

X
X

x

x
X

X

x

x
x

x

xx

XI

HR2 Buried Thimble Site Xx
I00-l! -2 0,,erae Uin

IUJ2 x600-5 X X
IU2 628-1 x X
MU2 E. White Bluffs City

Landfill X X
IU2 JA Jones 2 x X
12 White Bluffs Landfill X

00-K .-I Operable Un t
KR! 116-K-1 x X
KR! 116-K-2 x X
KRI 116-K-3 X x
KR! 116-K-E-4 X X
KR! 1I6-KW-3 X X
KRI Piping X Lx

100-K t-2 0 erable Unit
KR2 116-KE-1 X x
KR2 116-KE-2 X
KR2 116-KE-3 X
KR2 116-1KW-1 X
KR2 116-KW-2 X
KR2 18-K-[ X
KR2 120-KE-2 x
KR2 120-KE-8
KR2 120-KW-6
KR2 126-K-1
KR2 130-K-1
KR2 130-K-2
KR2 130-KE-I
KR2 130-KE-2
KR2 130-KW-I x
KR2 130-KW-2
KR2 67-4

KR2 11607-K-6
KR2 JUPR-100-K-l

KR213 18-K-2
KR2 |rPiping
KR2 600-55
KR2 II18-K-13 X

XX

X

X

x

x
X

X
x

x
X

xx
x

IC _ _ _ _ _X

XC
X _____ _____ _____ _____

XI
IC _____

I x __I
DA5-15

PET

(c)
FSBT

(d)

RB

(e)



Operable
Unit

Site Name
IRM Sites

Process Non-
Process
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Table 5-L. 100 Area Wast, Site Summary (Sheet 5 of 6).

Iiscellaneous Sites 1
Contaminated j Potential Excluded

KR2 1l8-KW-2
KR2 l8l-KE-2
KR2 I 00-K-5 x
KR12100-K-38 X

KR3 120-KE-1
KR3 120-KE-3 X
KR3 120-KE-6
KR3 120-KE-9
KR3 120-KW-1 x
KR3 120-KW-2 X
KR3 120-KW-5
KR3 120-KW-7
KR3 128-K-1 x
KR3 128-K-2 X
KR3 130-K-3
KR3 1607-K-1
KR3 1607-K-2
KR3 1607-K-3
KR3 1607-K-5
KR3 600-29
KR3 600-4

_ _ __ -5;

NRI I116-N-I x
NRI F16-N-2 X N
NRI 116-N-3 X I:
NRI1 16-N4 X
NRI I18-N-1 X

NRI 119-N X

NRI 120-N-1 f
NRI 120-N-2
NR I

MR]
NRI

120-N-3
120-N-5
I20-N-6

N
N
N

NRI 120-N-7 X
NRI 120-N-8 X
NRI 124-N-1
NRI 124-N-2
NRI 124-N-3
NR) 124-N4
NRI 124-N-5
NRI 124-N-6
NRI 124-N-7
NRI 124-N-8
NRI 124-N-9
,RI 124-N-10

NRI 128-N-1 X
NRI 130-N-1 x
NRI 166-N X
NRI 600-32 x
NRI 600-35 x

NRI South Settling Pond X
NRI UPR-100-N-I X
NRI UPR-100-N-2 X
NRI UPR-!00-N-3 x
NRI UPR-100-N-4 X
NRI UPR-100-N-5 x
NRI UPR-100-N-6 X
NRI UPR-100-N-7 x-
NRI UPR-100-N-8 x
NRI UPR-I00-N-9 x
NRI UPR-100-N-10 X
N4 UPR-I100-N-I I x
NRI UPR-100-N-12 x

SIS
(a)

Size Category
PC PET I FSBT RB
(b) (W (d) (e)

x x
x X

100- R-3 Operable Unit

N -10

x I I I

x

x
x

x

x
x
x
x
x
x
N
X t

XxXx

NN

X
XI xx

x
X

x

x X

x X
x X
XX

X

X

X

X

X

Xx

X

X

X

X

x

X
X

x

X

XX

D 5-16

I
.X
X
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Operable
Unit

Site Name
IRM Sites

Process Non-
Process

Table 5-I. 100 Area '>aste ste Sunnar (Sheet 6 oft).

~1~ Miscellneous Sites
Contaminated I Potential

NR; IUPR-100-N-13 X

NRI LUPR-100-N-14 X

NRI UPR-OO-N-15 XNRI UPR-100-N-17 X

NR1
UPR-100-N-18
UPR-100-N-19

X'
X

NRI UPR-100-N-20 X'
NRI UPR-10O-N-21 X
NRI UPR-IOO-N-22 X
NRI UPR-100-N-23 X
NR; UPR-100-N-24 X
NR JPR-100-N-25 X'
NRI UPR-100-N-26 X'
NRI UPR-100-N-29 X
NRI UPR-100-N-30 X
NRI IUPR-100-N-31 X
NRI UPR-100-N-32 X
NRI UPR-100-N-33 'C
NRI UPR-100-N-34 XC
NRI (UPR-100-N-35 -X ____

NRm! UPR-600-17

NIR jPping I X
XC

Excluded

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X

X(c)

-X

(a) SIS= Scenario Insensitive Site
(b) PC = Pluto Crib
(c) PET - Process Effluent Trench
(d) FSBT = Fuel Storage Basin Trench
(e) RB= Retention Basin
(f) BG = Burial Ground

D/ 5-37

Size Category

* *"

SIS
(0)

PC

(b)
PT
(c)

FSBT
(d)

RB



Table 5-2. Operable Unit Waste Site Inventory.

Representative I IRM Site Miscellaneous Sites
Size Groups Process Non-Process Contaminated Potential TOTAL

Pluto Crib 22 8 56 32 118
Process Effluent Trench 18 3 19 12 52
Fuel Storage Basin Trench 16 1 14 5 36
Retention Basin 11 1 3 0 15
TOTAL 67 13 92 49 221

Tqble ';A r-nntq~jvqtedJ X0JIMPQefnr TRNM Prnrea Liquid Sitcs (cubic rnctcrs).

Exposure Scenarios
Representative FFS Occasional Frequent Modified Complete

Size Groups Use Use Frequent Use Excavation
[Pluto Crib 4400 4400 4400 4400 6600
[Process Effluent Trench 54000 54000 54000 36000 126000
Fuel Storage Basin Trench 72000 64000 72000 16000 112000
Retention Basin 1595000 803000 1595000 1210000 1991000
TOTAL 1725400 925400 1725400 1266400 2235600

PC

PET
FSBT
RB

200
3000
4500

145000

200
3000
4000

73000

200
3000
4500

145000

200
2000
1000

110000

300
7000
7000

181000

00

0
0

A



Table 5-4. Excavation Volumes for IRM Process Liquid Sites (cubic meters).

Exposure Scenarios
Representative FFS Occasional Frequent Modified Complete

Size Groups Use Use Frequent Use Excavation
Pluto Crib 44,000 44,000 44,000 22,000 66,000
Process Effluent Trench 288,000 288,000 288,000 198,000 594,000
Fuel Storage Basin Trench 608,000 480,000 608,000 48,000 2,048,000
Retention Basin 1,771,000 847,000 1,771,000 1,331,000 2,244,000
TOTAL 2,711,000 1,659,000 2,711,000 1,599,000 4,952,000

Table 5-5. Contaminated Volumes for IRM Non-Process Liquid Sites (cubic meters).

Exposure Scenarios

Representative FFS Occasional Frequent Modified Complete
Size Groups Use Use Frequent Use Excavation

Pluto Crib 1,600 1,600 1,600 1,600 2,400
Process Effluent Trench 9,000 9,000 9,000 6,000 21,000
Fuel Storage Basin Trench 4,500 4,000 4,500 1,000 7,000
Retention Basin 145,000 73,000 145,000 110,000 181,000
TOTAL 160,100 87,600 160,100 118,600 211,400

0
C
~~t

C'

r

.1



Table 5-6. Excavation Volumes for IRM

Exposure Scenarios
Representative FFS Occasional Frequent Modified Complete

Size Groups Use Use Frequent Use Excavation
Pluto Crib 16,000 16,000 16,000 8,000 24,000
Process Effluent Trench 48,000 48,000 48,000 33,000 99,000
Fuel Storage Basin Trench 38,000 30,000 38,000 3,000 128,000
Retention Basin 161,000 77,000 161,000 121,000 204,000
TOTAL 263,000 171,0001 263,000 165,000 455,000

0
2

$0

Table 5-7. Contaminated Volumes for Contaminated Miscellaneous Sites (cubic meters).

Exposure Scenarios

Representative FFS Occasional Frequent Modified Complete

Size Groups Use Use Frequent Use Excavation

Pluto Crib 11,200 11,200 11,200 11,200 16,800

Process Effluent Trench 57,000 57,000 57,000 38,000 133,000

Fuel Storage Basin Trench 63,000 56,000 63,000 14,000 98,000

Retention Basin 435,000 219,000 435,000 330,000 543,000

TOTAL 566,200 343,200 566,200 393,2%! 790,800

Non-Process Liquid Sites (cubic meters).



Table 5-8. Excavation Volumes for Contaminated Miscellaneous Sites (cubic meters).

Exposure Scenarios

Representative FFS Occasional Frequent Modified Complete
Size Groups Use Use I Frequent Use Excavation

Pluto Crib 112,000 112,000 112,000 56,000 168,000
Process Effluent Trench 304,000 304,000 304,000 209,000 627,000
Fuel Storage Basin Trench 532,000 420,000 532,000 42,000 1,792,000
Retention Basin _ 483,000 231,000 483,000 363,000 612,000
TOTAL 1,431,000 1,067,000 1,431,000 670,000 3,199,000

Table 5-9. Contaminated Volumes for Potential Miscellaneous Sites (cubic meters).

I_ Exposure Scenarios

Representative I FFS Occasional Frequent Modified Complete

Size Groups Use Use Frequent Use Excavation

Pluto Crib 0 0 6,400 6,400 9,600
Process Effluent Trench 0 0 36,000 24,000 84,000

Fuel Storage Basin Trench 0 0 22,500 5,000 35,000
Retention Basin 0 0 0 0 0

TOTAL 0 0 64,900 35,400 128,600

Y,

C



Table 5-10. Excavation Volumes for Potential Miscellaneous Sites (cubic meters).

Exposure Scenarios
Representative FFS Occasional Frequent Modified Complete

Size Groups Use Use Frequent Use Excavation
Pluto Crib 0 0 64,000 32,000 96,000
Process Effluent Trench 0 0 192,000 132,000 396,000
Fuel Storage Basin Trench 0 0 190,000 15,000 640,000
Retention Basin 0 0 0 0 0
TOTAL 0 04 446,000 179,000 1,132,000

C

Table 5-1i. Operable Unit Volume Roil Up; Representative Size Groups (cubic meters).

CV = Contaminated Volume

EV = Excavation Volume

0

Exposure Scenarios
Representative FFS 1 Occasional Frequent Modified Complete

Size Groups Use Use Frequent Use Excavation

CV EV CV EV CV EV CV EV CV EV
Pluto Crib 17,200 172,000 17,200 172,000 23,600 236,000 23,600 118,000 35,400 354,000
Process Effluent Trench 120,000 640,000 120,000 640,000 156,000 832,000 104,000 572,000 364,000 1,716,000
Fuel Storage Basin Trench 139,500 1,178,000 124,000 930,000 162,000 1,368,000 36,000 108,000 252,000 4,608,000
Retention Basin 2,175,000 2,415,000 1,095,000 1,155,000 2,175,000 2,415,000 1,650,000 1,815,000 2,715,000 3,060,000
TOTAL 2,451,700 4,405,000 1,356,200 2,897,000 2,516,600 4,851,000 1,813,600 2,613,000 3,366,400 9,738,000



Table 5-12. 100 Area-Wide Volume Roll Up; IRM and Miscellaneous Sites (cubic meters).

Exposure Scenarios
FFS Occasional 1 Frequent I Modified Complete

I EUse Use Frequent Use Excavation

CV EV C EV CV I EV CV EV CV EV

IRM LProcess 1,725,400 2,711,000- 925,400 1,659,000 1,725,4001 2,711,000 1,266,400 1,599,0001 2,235,600 4,952,000
Sites Non-Process 160,100 263,000 87,600 171,000 160,100 263,000 118,600 165,000 211,400 455,000

Miscellaneous Contaminated 566,200 1,431,000 343,200 1,067, 00 566,200 1,431,000 393,200 670,000 790,800 3,199,000
Sites Potential 0 0 0 0 64,900 446,000 35,400 179,000 128,600 1,132,000

TOTAL 2,451,700 4,405,000 1,356,200 2,897,000 2,516,600 4,851,000 1,813,600 2,613,000 3,366,400 9,738,000

CV = Contaminated Volume

EV = Excavation Volume

sable 5-13. Percent Change in Contaminated Volume by Representative Size Group.

Exposure Scenarios

Representative FFS (a) Occasional Use Frequent Use Mod. Freq. Use Complete Excavation

Size Groups CV CV % CV % CV % CV %

Pluto Crib 17,200 17,200 0.0 23,600 37.2 23,600 37.2 35,400 105.8
Process Effluent Trench 120,000 120,000 0.0 156,000 30.0 104,000 (13.3) 364,000 203.3
Fuel Storage Basin Trench 139,500 124,000 (11.1) 162,000 16.1 36,000 (74.2) 252,000 80.6

Retention Basin 2,175,000 1,095,000 (49.7) 2,175,000 0.0 1,650,000 (24.1) 2,715,000 24.8
TOTAL 2,451,700 1,356,200 (44.7) 2,516,600 2.6 1,813,600 (26.0) 3,366,400 37.3

CV = Contaminated Volume Volume in cubic meters.

(a) FFS scenario is the base case.

(#) - Parentheses around a number denotes a negative value.

0

LA
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Table 5-14. Percent Change in Excavation Volume by Representative Size Group.

I_ Exposure Scenarios
Representative FFS Occasional Use Frequent Use Mod. Freq. Use Complete Excavation

Size Groups EV EV % EV % EV % EV %
Pluto Crib 172,000 172,000 0.0 236,000 37.2 118,000 (31.4) 354,000 105.8
Process Effluent Trench 640.000 640,000 0.0 832,000 30.0 572,000 (10.6) 1,716,000 168.1
Fuel Storage Basin Trench 1,178,000 930,000 (21.1) 1,368,000 16.1 108,000 (90.8) 4,608,000 291.2
Retention Basin 2,415,000 1,155,000 (52.2) 2,413,000 0.0 1,815,000 124.8) 3,060,000 26.7
TOTAL 4,405,000 2,897,000 (34.2) 4,851,000 10.1 2,613,000 (40.7)| 9,738,000 121.1

EV = Excavation Volume. Volume im cubic Teters.

(a) FFS scenano is the base case.

G)- Pusacos s uuiiud a iumrbci denotes a negative value.

Table 5 15. Percent Change in Contaminated Volume by IRM and Miscellaneous Sites.

Exposure Scenario
FFS (a) Occasional Use Mod. Occ. Use Frequent ise Complete Excavation

CV CV % CV % CV % CV %
IRM Process 1,725,400 925,400 (46.4) 813,200 (52.9) 1,725,400 0.0 2,235,600 29.6
Sites Non-Process 160,100 87,600 (45.3) 74,300 (53.6) 160,100 0.0 211,400 32.0

Miscellaneous Contaminated 566,200 343,200 (39.4) 231,600 (59.1) 566,200 0.0 790,800 39.7
Sites Potential 0 0 NA 0 NA 64,900 NA 128,600 NA

TOTAL 2,451,700 1,356,200 (44.7) 1,119,100 (54.4) 2,516,600 2.6 3,366,400 37.3

CV = Contaminated Volume. Volume in cubic meters.

(a) FFs scenario is the base case.

NA = Not applicable because base case (FFS scenaro) is zero.

(#) - Parentheses around a number denotes a negative value.

0Z CD



Table 5-16. Percent Change in Excavation Vo

IRM
Sites

IProcess

Exposure Scenario
FFS (a) Occasional Use Frequent Use I Mo Freq. Use Complete Excavation

i EV
2,711,000 (38.8)

EV2|0
2,711,000 0.0

EV
1.599.00 (41.0),

(373)

EV

455 An0l
8271
73 0

,.0 , . , , 000
iNon-Process 263,000 171,000 (35.0)1 263.000| 0.0 165000|

Miscellaneous Contaminated 1,431,000 1,067,000 (25.4) 1,431,000 0.0 670,000 1 (53.2) 3,199,000 123.5
Sites Potential 0 0 NA 446,000 NA 179,000 NA 1,132,000 NA

TOTAL 1,694,000 1.238.000 (26.9) 2,140,000 26.3 1,014,000 (40.1) 4,786,000 182.5

EV = Excavated Volume. Volume in cubic meters.

PFS scenario is she base case

NA = Not applicable becsee base se (PbS scenario) is zero.
(%) -Parentheses around a number denotes a negative value

'-I

Table 5-17. Remove and Dispose Costs for IRM Process Liquid Sites (S millions).

Exposure Scenarios
Representative FFS Occasional Frequent Modified Complete

Size Groups Use Use Frequent Use Excavation

PlutoCrib 11.00 11.00 11.00 8.80 15.40

Process Effluent Trench 54.00 54.00 54.00 36.00 144.00

Fuel Storage Basin Trench 80.00 80.00 80.00 16.00 240.00

Retention Basin 649.00 319.00 649.00 473.00 770.00

TOTAL 794.00 464.00 794.00 533.80 1,169.40

-n

0

C

C

'0

0>

lume by IRM and Miscellaneous Sites.

i,659,0001
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Table 5-18. Remove, Treat and Dispose Costs f&r IRM Process Liquid Sites ($ millions).

Representative

Size Groups

Pluto Crib

FFS

9.80

Process Effluent Trench 72.00
Fuel Storage Basin Trench 96.001
Retention Basin
TOTAL

891 00
1,078 80

Oc asi nal
Use

19.80
72.00

Exposure Scenarios

Frequent
Use

Modified Complete
Frequent Use Excavation

19.801 17.60] 22.00
72.00 54.001

96.00 I 12.00 32.00 256.00
,63.00
'50.80

89100
1,09480

539.00
642.601

Table 5-19. Capping Costs for IRM Process
Liquid Sites (S millions).

Representative Process
Liquid Size Groups

Pluto Crib
Process Effluent Trench
Fuel Storage Basin
Retention Basin
TOTAL

Trench

Occasional

Use

74.80
106.20
65.60

259.60
506.20

Table 5-20. Remove and Dispose Costs for I RM Non-Process Liquid Sites (S millions).

Representative FFS

Size Groups
Pluto Crib 4.00

Process Effluent Trench 9.00
Fuel Storage Basin Trench 5.00

Retention Basin 59.00
TOTAL 77.00

162.00

880.00
1,320.00

(iccai
U

Exposure Scenarios
sional Frequent Modified Complete
se Use Frequent Use Excavation

4.00 4.00 3.20 5.60
9.00 9.00 6.00 24.00
5.00 5.00 1.00 15.00

29.00
47.00

59.00
77.00

43.00
53.20

70.00
114.60

DA526
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Table 5-21. Remove, Treat and Dispose Costs for RNI Non-Process Liquid Sites ($ millions).

DRAFT

Representative FFS 0

Size Groups
Pluto Crib 7.20
Process Effluent Trench 12.00

Fuel Storage Basin Trench 6.00
Retention Basin 8100
TOTAL 106.20

ecasional

Use
7.20

Exposure Scenarios
Frequent

Use
7.20

Modified
Frequent Use

6.40

Complete
Excavation

8.00
12.00 12000 9.00 27.00
6.00 7.001 2.00 16.00

33.00
58.20

81.00
107.20

49.00
66.40

80.00
131.00

Table 5-22. Capping Costs for IRM
Non-Process Liquid Sites ($ millions).

Representative
Size Groups

Occasional

Use
Pluto Crib 27.20
Process Effluent Trench 17.70
Fuel Storage Basin Trench 4.10
Retention Basin
TOTAL

23.60
72.60

Table 5-23. Remove and Dipose Costs for Contaminated Miscellaneous Sites ($ millions).

Representative
Size Groups

FFS 0, casio
Use

Pluto Crib 28.00
Process Effluent Trench 57.00
Fuel Storage Basin Trench 70.00K
Retention Basin 177. 00
TOTAL 332.00K

nal

28.00

Exposure Scenarios
Frequent

Use
28.00

F
Modified
requent Use

22.40

Complete
Excavation

39.20
57.00 57.00 38.00 152.00
70.00 70.00 14.001 210.00
87.00 177.00 129.001 210.00
42.00 332.00 203.40 611.20

D \5-7
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Table 5-24. Remove, Treat and Dispose Costs for Contaminated Miscellaneous Sites ($ millions).

Representative
Size Groups

FFS

Pluto Crib 50.40
Process Effluent Trench 76.00
Fuel Storage Basin Trench 8400
Retention Basin 243.00
TOTAL 453.40

Oi
Exposure Scenarios

casijnal Frequent Modified Complete
Us, Use Frequent Use Excavation

50.40 50.40 44.80 56.00
76.00 76.00 57.00 171.00
84.00 98.00 28.00 224.00
99.00 243.00 147.00 240.00

109.40 467.40 276.80 691.00

Table 5-25. Capping Costs for Contaminated .
Miscellaneous Sites ($ millions)

Representati e
Size Groups

Pluto Crib
Process Effluent Trench
Fuel Storage Basin Trench
Retention Basin
TOTAL

Occasional
Use

190.40
112.10
57.40
70.80

430.70

Table 5-26. Remove and Dispose Costs for Potential Miscellaneous Sites (S millions).

Representative
Size Groups

FFS Occ:
I
(siOn

se

al

}00 16.00 12.80 22.40
1.00 36.O01 24.00 96.00
0.00

Wo

D)5-A8

Pluto Crib 0.00
Process Effluent Trench 0.00
Fuel Storage Basin Trench 000
Retention Basin 0.00
TOTAL 0.00

Exposure Scenarios
Frequent

S Use
Modified

Frequent Use

25.00
0.00

77.0

5.00
0.00

41.80

75.00
0.00

193.40

Complete
Excavation
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Table 5-27. Remove, Treat and Dispose Costs for I otenlial Miscellaneous Sites (S millions).

Exposure Scenarios
Representative

Size Groups
FFS

Pluto Crib 0.00
Process Effluent Trench 0.00
Fuel Storage Basin Trench 0.00
Retention Basin 0.00
TOTAL 0.00

Oc asional
Use

0.00

Frequent
Use

28.80

Modified
Frequent Use

25.60

DRAFT

Complete
Excavation

32.00
0.00 48.00 36.001 108.00
0.00 35.00 10.001 80.00
0.00 0.00 0.001 0.00
0.00 111.80 71.601 220.00

Table 5-28. Capping Costs for Potential
Miscellaneous Sites ($ millions).

Representativr
Size Groups

Pluto Crib
Process Effluent Trench
Fuel Storage Basin Trendh
Retention Basin
TOTAL

Occasional

Use

108.80
70.80
20.50

0.00
200.10

W.5-29



Table 5-29. Operable Unit Cost Roll Up; Representative Size Groups (S millions).

Exposure Scenario
Representative FF . Occasional Frequent

SzGrusI Modified complete
iIe Grops .Use Use Frequent Use Excavation

RD RTD RD RTD Cap RD RTD RD RTD RD RTD
Pluto Crib 43.00 77.40 43.00 77.40 401.20 59.00 106.20 47.20 94.40 82.60 118.00
Process Effluent Trench 120.00 160.00 120.00 160.00 306.80 156.00 208.00 104.00 156.00 416.00 468.00
Fuel Storage Basin Trench 155.00 186.00 155.00 186.00 147.60 180.00 252.00 36.00 72.00 540.00 576.00
Retention Basin 885.00 1,215.00 435.00 495.00 354.00 885.00 1,215.00 645.00 735.00 1,050.00 1,200.00
TOTAL 1,203.00 1,638.40 753.00 918.40 1,209.60 1,280.00 1,781.20 832.20 1,057.40 2,088.60 2,362.00

RD = Kemove and Dispose

RTD - Remove, Treat and Dispose

Table 5-30. Operable Unit Cost Roll Up; IRM and Miscellaneous Sites ($ millions).

Exposure Scenario
FFS Occasional Frequent Modified Complete

Use Use Frequent Use Excavation

RD RTD RD RTD Cap RD RTD RD RTD RD RTD
IRM Process 794.00 1,078.80 464.00 550.80 506.20 794.00 1,094.80 533.80 642.60 1,169.40 1,320.00
Sites Non-Process 77.00 106.20 47.00 58.20 72.60 77.00 107.20 53.20 66.40 114.60 131.00

Miscellaneous Contaminated 332.00 453.40 242.00 309.40 430.70 332.00 467.40 203.40 276.80 611.20 691.00
Sites Potential 0.00 0.00 0.00 0.00 200.10 77.00 111.80 41.80 71.60 19340 220.00

TOTAL 1.203.001 1.638.40 753.00 918.40 1,209.60 1,280.00 1,781.20 832.20 1,057.40 2,088.60 2,362.00

RD = Remove and Dispose

RTD - Remove, Treat and Dispose

0l

7i



Table 5-31. Percent Change in Remove and Dispose Cost by Representative Size Group.

Exposure Scenario

Representative FFS (a) Occasional Frequent Modified Complete
Size Groups Use Use Frequent Use Excavation

RD RD % Cap _ % RD % RD % RD %
Pluto Crib 43.00 43.00 0.0 401.20 833.0 59.00 37.2 47.20 9.8 82.60 92.1
Process Effluent Trench 120.00 120.00 0.0 306.80 155.7 156.00 30.0 104.00 (13.3) 416.00 246.7
Fuel Storage Basin Trench 155.00 155.00 0.0 147.60 (4.8) 180 00 16.1 36.00 (76.8) 540.00 248.4
Retention Basin 885.00 435.00 (50.8) 354.00 (60.0) 885.00 0.0 645.00 (27.1) 1,050.00 18.6
TOTAL 1,203.001 753.00 (37.4) 1,209.60 0.5 1,280.00 6.4 832.20 (30.8) 2,088.60 73.6

RD=Removeand Dismose. Cost in millions ofdollars

() FFS scenario is he base case.

(9) - Parentheses around a number denotes a negative value.

Table 5-32. Percent Change in Remove, Treat and Dispose Cost by Representative Size Group.

Exposure Scenario
Representative Waste FFS (a) Occasional Frequent Modified Complete

Size Groups Use Use Frequent Use Excavation
RTD RTD % Cap % RTD % RTD % RTD %

Pluto Crib 77.40 77.40 0.0 401.20 418.3 106.20 37.2 94.40 22.0 118.00 52.5
Process Effluent Trench 160.00 160.00 0.0 306.80 91.8 208.00 30.0 156.00 (2.5) 468.00 192.5
Fuel Storage Basin Trench 186.00 186.00 0.0 147.60 (20.6) 252.00 35.5 72.00 (61.3) 576.00 209.7
Retention Basin 1,215.00 495.00 (59.3) 354.00 (70.9) 1,215.00 0.0 735.00 (39.5) 1,200.00 (1.2)
TOTAL 1,638.40 918.40 (43.9) 1,209.60 (26.2) 1,781.20 8.7 1,057.40 (35.5) 2,362.00 44.2

RTD = Remove, Treat and Dispose. Cost in millions of dollars.

(a) FFS scenario is the base case.
(#) - Parentheses around a number denotes a negative value.
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Table 5-33. Percent Change in Remove and Dispose Cost by IRM and Miscellaneous Sites.

Exposure Scenario
FFS (a) Occasional Frequent Modified Complete

Use U se Frequent Use Excavation
RD RD Cap

IRM Process 794.00 464.00 (41.6) 506.20 (36.2) 794.00 0.0 533.80 (32.8) 1,169.40 47.3
Sites Non-Process 77.00 47.00 (39.0) 72.60 (5.7) 77.00 0.0 53.20 (30.9) 114.60 48.8

Miscellaneous Contaminated 332.00 242.00 (27.1) 430.70 29.7 332.00 0.0 203.40 (38.7) 611.20 84.1
Sites Potential 0.00 0.00 NA 200.10 NA 77.00 NA 41.80 NA 193.40 NA

TOTAL 1 1,203.00 753.00 (37.4) 1,209.60 0.5 1,280.00 6.4 832.20 (30.8) 2,088.60 73.6

RD = Remove and Dispose Cost n millons ot dollars

(a) FFS scenario is the base case.

NA = Not applicable because base case (FFS scenario) is rer
(#) - Parentheses round a number denotes a negative value.

able 5 34. Prcez-nt Changt ii Reniu0 , Ti cat and Dispose Cost by IRM and Miscellaneous Sites.

Exposure Scenario

FFS (a) Occasional Frequent Modified Complete
Use Use Frequent Use Excavation

RTD RTD Pr% Cap % RTD % RTD % RTD %
IRM Process 1,078.80 550.80 (48.9) 506.20 (53.1) 1,094.80 1.5 642.60 (40.4) 1,320.00 22.4
Sites Non-Process 106.20 58.20 (45.2) 72.60 (31.6) 107.20 0.9 66.40 (37.5) 131.00 23.4

Miscellaneous Contaminated 453.40 309.40 (31.8) 430.70 (5.0) 467.40 3.1 276.80 (39.0) 691.00 52.4
Sites Potential 0.00 0.00 NA 200.10 NA 111.80 NA 71.60 NA 220.00 NA

TOTAL 1,638.40 918.40 (43.9) 1,209.60 (26.2) 1,781.20 8.7 1,057.40 (35.5) 2,362.00 44.2

%~

C

RTD = Remove, Treat and Dispose. Cost in millions of dollars.

(a) FFS scenario is the base case.

NA = Not applicable because base case (FFS scenario) is zero.

(#) - Parentheses around a number denotes a negative value.
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Table 5-35. Summary of Contaminated and Excavation Volumes by Operable Unit and Site Category. (Page 1 of 2)

Baseline Occasional Use Frequent Use 1Modiied Frequent Use Complete Excavation
Operable Unit CV EV I EV I EI CV EV CV EV

100-BC-1 IRM Process 306,900 428,000 162,400 252.000 306,900 428,000 229,400 291,000 397,6001 674.000
IRM Non-Process 0 0 0 0 0 0 0 0 01 0
Misc. Contaminated 14,900 100,000 14.400 92,000 14,900 100,000 8,400 43,000 30,1001 248,000
Misc, potential o 0 0 0 14,300 94,000 7,800 40,000 29,2001 239,000
Total 321,800 528,000 176.800 344,000 336,100 622,000 245,600 374,000 456.9001 1.161.000
SIS 129,600 240,200 129.600 240.200 129,600 240,200 129,600 240,200 129,600 240,200

100-BC-2 IRM Process 600 6,000 600 6,000 600 6,000 600 3.000 900 9.000
IRM Non-Process 200 2.000 200 2,000 200 2,000 200 1,000 3001 3,000
Misc. Contaminated 400 4,000 400 4,000 400 4,000 400 2.000 6001 6,000
Misc. Potential 0 0 0 0 3,600 22,000 2.600 14,000 7,9001 42,000
Total 1,200 12,000 1,200 12,000 4,800 34,000 3,800 20.000 9.7001 60,000
SIS 275,700W 700.300 275.700. 700,300, 275,700 700,300 275,700 700.300 275.700 700,300

100-DR-i IRM Process 320.400 514,000 175,400 330,000 320,400 514,000 236.400[ 327.000 425,600 901.000
IRM Non-Process 200 2,000 200 2.000 200 2.000 200| 1,000 300 3.000
Misc. Contaminated 165,300 315,000 91,800 207,000 165,300 315.000 117.800 156,000 217,200 666,000
Misc.Potential 0 0 0 0 9,800 84,.000 2.800 10.000 15,200 268.000
Total 45,900 831,000 267,400 539.000 495.700 915.000 357,200 494,000 658,300 1,838,000
$13 80,200 190,300 80,200 190,300 80,200 190,300 80,200 190,300 80,200 190,300

100-0R-2 IRMProcess 200 2,000 20" , 200 2,000
IRM Non-Process 200 2,000 200t 2,000 200 2.000 20 ,_0 3G 3,. 0

M.Contaminated 6.600 38,000 5600 33.000 6OG 38,000 4,600| 25,W .4,900 1 7000
Misc. Potential 0 0 01 0 200 2,000 200 1,000 300 3.000
Total 7.000 42.000 7,000J 42,000 7,200 44,000 5.200 28,000 15800 84,000
3IB 24,800 73,000 24,800 73,000 24.800 73,000 24,800 73,000 24.8001 73,000

100-DR-3 |IRM Process 0| 0 0| 0| 0 0 0| 0| or 70
IRM Non-Process 0 0 0 0 0 0 01 0 0 0Misc. Contaminated 7,500 54,000 7.000 46,000 7,500 54,000 3,000 14,000 14,000 161.000
Misc. Potential 0 0 0 0 6,000 32,000 4,000 22,000 14,000 66,000
Total 7,500 54,000 7.000 46,000 13,500 86,000 7,000 36,000 28,000 227,000sis 285,200 723,100 286,200 723,100 286,200 723,100 286,200 723,100 286,200 723.100

100-FR-1 lRMProcess 170.000 355,000 96.000 239,000 170,000 355.000 IlSOO 180,000 224,500 797,000
IRM Non-Process 4,700 40,000 4,200 32,000 4,700 40,000 1,200 4.000 7,300| 131,000
Misc. Contaminated 7,900 58,000 7,400 50,000 7,900 58,000| 3,400 16,000 14,600 167.000
Misc. Potential 0 0 0 0 4,800 34,000 3,800 20,000 9,700 60.000
Total 182,600 453.000 107,600 321,000 187,400 407,000 127,400 200,000 256,100 1.155,000SIS 4,500 37,900 4,500 37,900 4,500 37.900 4.500 37,900 4,500 37,900

100-FR-2 IRMProcess 4,500 38,000 4,000 30,000 4.500 38,000 1,000 3,000 7,000 128,000
IRMNon-Process 0 0 0 0 0 0 0 0 0 0
Misc. Contaminated 10,700 72,000 10,200 64,000 10,700 72,000 5,200 26,000 21,300 197,000
Misc. Potential 0 0 0 0[ 3,200 18,000 2.200 12,000 7,300 36,000
Total 15,200 110,000 14,200 94,000 18,400 128,000 8,400 41,000 35,600 361,000
SIS 166,300 429,000 166,300 429,000 156.300 429,000 16 6300 429000 166,300 429,000

100-HR-1 IRMProcess 149,700 201,000 77,200 109,000 149,700 201,000 111,200 125,000 188,300 35,000IRM Non-Process 3,000 16,000 3,000 16,000 3,000 16,000 2,000 11,000 7,000 33,000
Misc, Contaminated 15,200 110,000 14,200 94,000 15,200 110,000 6.200 29,000 28,300 325,000
Misc. Potential 0 0 0 0 400 4.000 400 2,000 600 6.000
Total 167,900 327.000 94,400 219,000 168,300 331.000 119,800 167,000 224,200 699.000
$13 4,800 45,800 4,800 45,800 4,800 45.800 4,800 45.800 4,8001 45,800
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Table 5-35. Summary of Contaminated and Excavation Volumes by Operable Unit and Site Category. (Page 2 of 2)

FFS Occasional-Use Frequent-Use Modified Frequent-Use Complete Excavation
Operable Unit CV EV CV EV CV EV CV EV CV EV

100-HR-2 IRM Process 0 0 0 0 0 0 0 0 0 0
IRMNon-Process 0 0 0 0 0 0 0 0 0 0
Misc. Contaminated 13,500 86,000 13,000 78,000 13,500 86,000 7,000 36,000 28,000 227,000
Misc. Potential 0 0 0 0 3,200 18,000 2,200 12,000 7,300 36,000
Total 13,500 86,000 13,000 78,000 16,700 104,000 9,200 48,000 35,300 263,000
SIS 181,300 383,300 181,300 383,300 181,300 383,300 181,300 383,300 181,300 383,300

1 (1-111-9 IRM Process 0 0 0 0 0 0 0 0 0 0
IRMNon-Process 0 0 0 0 0 0 0 0 0 ol
Misc. Contaminated 10,700 72,000 10,200 64,000 10,700 72,0001 5,200 26,000 21,300 197,000
Misc. Potential 0 0 0 0 0 01 0 0 0 0
Total 10.700 72,000 10,200 64,0001 10,700 72,0001 5,200 26,000 21,300 197,000
SIS 900 2,300 900 2,300 900, 2,3001 900 2,300 00 2

100-KR-1 IRM Process 42,500 537,000 226,000 277,000 442,500 537,000 333,000 377,000 557,000 773,000
IRM Non-Process 0 0 0 0 0 0 0 0 0
Misc Contarin ,tP n n 1 0 0 0

IMisc. Potenitial 0 0i 0 01 01 0 01 0 0
Tota e n2,Da _ _3- -,-826 1 zzoAu Z,,. _ 3,v__ I__,__ .... .----.

IS I 4,!i00 37,900 4,500 37,900I 4500 37,900 4,600 37,900 4500 37900

100-KR-2 IRM Process 20,300 154,000 18,800 130,000 20,300 154,000 7,800 35,000 36,200 462,000
IRM Non-Process 3.000 16,000 3.000 16,000 3,000 16,000 2,000 11,000 7000 33,000
Misc. Contaminated 200 2.000 200 2,000 200 2,000 200 1,000 300 3,000
Misc. Potential 0 0 0 0 4,900 42,000 1,400 5,000 7,600 134,000
Total 23,500 172,000 22,000 148,000 28,400 214,000 11,400 52,000 51,100j 632,000
SIS 260,900 647,600 260,900 647,600 260,900 647,900 260,900 647,900 260,900 647,900

100-KR-3 IRM Process 600 6,000 600 6,000 600 6.000 600 3,000 900 9,000
IRMNon-Process 0 0 0 0 0 0| 0 0 0 0
Misc. Contaminated 148,000 177,000 76,000 93,0001 148,000 177,000 112,000 132,0001 188,000 237,000
Misc. Potential 0 0 0 0 0 0 0 0[ 0 0
Total 148,600 183,000 76,600 99,000 148,600 183.000 112,600 135,000 188,900 246,000
SIS 0 0 0 0 0 0 0 0 0 0

100-NR-1 IRM Process 309,700 470,000 164,200 278,000 309,700 470,000 227,200 274,000 397,300 861,000
IRM Non-Process 148,800 185,000 76,800 101,000 148,800 185.000 112,800 136,000 189.200 249,000
Misc. Contaminated 165,300 343,000 91,800 235,000 165,300 343,000 119,800 164,000 212,200 690,000
Misc. Potential 0 0 0 0 14,500 96,000 8,000 41,000 29,500 242,000
Total 623,800 998,000 332,800 614,000 638,300 1,094,0001 467,800 615,000 828,200 2,042,000
Is 23,400 128,000 23,400 128,000 23,400 128,000j 23,400 128,000 23,400 128,000
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Table 5-36. Summary of Remove/Dispose, Remove/Treat/Dispose, and Capping Costs
by Operable Unit and Site Category. (Page 1 of 2)

DRAFT

Baseline Occasional Use Frequent Use Modified Frequent Use Complete Excavation
Operable Unit RD RTD RD RTD CAP RD RTD RD RTD RD RTD

100-HR-2 IRM Process 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0
IRM Non-Process 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0
Misc. Contaminated 14.0 18.0 14.0 18.0 21.8 14.0 19.0 7.0 11.0 39 43.0
Misc. Potential 0.0 0.0 0.0 0.0 9.3 3.5 4.9 2.4 3.8 8.7 10.0
Total 14.0 18.0 14.0 18.0 31.1 17.5 23.9 9.4 14.8 47.7 53.0
SIS 108.8 108.8 108.8 108.8 62.9 108.8 108.8 108.8 108.8 108.8 108.8

100-IU-2 IRM Process 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0
IRM Non-Process 0.0 0.0 0.0 0.0.0 0.0 0.0 0.0 0.0 01 0.0
Misc. Contaminated 11.5 14.9 11.5 14.9 19.3 11.5 15.9 5.4 8.8 31.71 35.0
Misc. Potential 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.0 0.0 0| 0.0
Total 11.5 149 11.5 14.91 19.3 1151 15.9 5.4 8.8 31.7) 35.0
S1S 05 0 5 0 0.5 3. 0.5 0.5 05 0.5 0.5 0.5

100-KR-1 IRM Process 185.0 253.0 95.0 109.0 80.8 185.0 254.0 132.0 152.0 233r 265.0
IRM Non-Process 0.0 0.0 0.0 0.0 00 0.0 0.0 0.01 0.0 0 0.0
Misc. Contaminated 1 0.0 0.01 0.0 0.0 0.0 0.0 0.0 - 001 00 0 0.0
Misc. Potential 0 0S 0.0 4.fl n.a2 c.0 0.0 0. 01 0.0

ISIS 2.7 2.7 2.71 2.7 88.81 2.7 2.7 2271 2 2 2.7
100-KR-2 IRM Process 23.0 29.6 23.0 29.61 37.7 23.0 32.6 8.6 15.2 63.8 70.0

IRM Non-Process 3.0 4.0 3.0 4.01 5.9 3.0 4.0 20 3 8.01 9.0
Misc. Contaminated 0.5 0.9 0.5 0.9j 3.4 0.5 0.9 0.4 0.8 0.7 1.0
Misc. Potential 0.0 0.0 0.0 0.0l 10.9 6.0 8.8 1,8 3.6 16.4 18.0
Total 26.5 34.5 26.5 34.5 57.9 32.5 46.3 12.8 22.6 88.9 9.0
SIS 156.5 156.6 156.5 156.5 88.0 156.5 156.5 156.5 156.5 156.5 156.5

100-KR-3 IRM Process 1.5 2.7 1.5 2.7 10.2 1.5 2.7 1 2 2.4 2.1 3.0
IRM Non-Process 0.0 0.0 0.01 0.0 0.01 0.0 0.0 0.0 0 0.0 0.0
Misc. Contaminated 62.0 85.0 32.0 37.0 29.5 62.0 85.0 45.0 52 78.0 89.0
Misc. Potential 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0
Total 63.5 87.7 33.5 39.7 39.71 63.5 87.7 46.2 54.4 80.1 92.0
SIS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0

100-NR-1 IRM Process 139.5 188.9 79.5 92.9 74.7 139.5 191.9 93.4 110.8 201.7 227.0
IRM Non-Process 64.0 88.6 34.0 40.6 43.1 64.0 88.6 46.6 55.2 80.8 93.0
Misc. Contaminated 91.0 129.6 61.0 81.6 151.5 910 132.6 59.6 82.2 138.8 162.0
Misc. Potential 0.0 0.0 0.0 0.0 38.8 16.5 23.5 9.0 15 42.5 48.0
Total 294.5 407.1 174.51 215.1 308.1 311.0 436.6 208.61 263.2 63.8 530.0
SIS 14.1 14.1 14.11 14.11 87.3 14.114.1 14.11 14.1 14.1 14.1
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Table 5-36. Summary of Remove/Dispose, Remove/Treat/Dispose, and Capping Costs
by Operable Unit and Site Category. (Page 2 of 2)

Baseline Occasional Use Frequent Use Modified Frequent Use Complete Excavation

Operable Unit RD I RTOD j RD RTD CAP RD RTD RD RTD

100-SC-1 IRM Process 136.0 185.8 76.0 89.8 82.71 136.0 186.8 95.8 113.6 188.4 214.0

IRM Non-Process 0.0 0.0 0.0 00 0.0| 0.0 0.0 0.0 0.0 0.0 0.0

Misc. Contaminated 17.5 24.3 17.5 24.3 45.6 17.5 25.3 9.8 16.6 43.9 50.0

Misc. Potential 0.0 0.0 0.0 00 35.41 16.0 22.6 8.6 14.2 41.8 47.0

Total 153.5 210.1 93.5 1141 162.71 169.5 234.7 114.2 144 4 274.1 311.0

818 77.8| 77.8) 77.8 77.8 111.21 77.8) 77.8 77.8 77.8 77.8 77.8

100-BC-2 IRM Process 1 5 2.7 1.5 2 7 10.21 1.5 2.7 1.2 2.4 2.1 3.0

IRM Non-Process 05 0.9 0.5 09 3.4[ 0.5 0.9 04 0.8 0.7 1.0

Misc. Contaminated 1 0 1.8 1.0 1.8 6.81 1.0 1.8 0.8 1,6 1.4 2.0

Misc. Potential 0.0 0.0 0.0 0.0 16.1 4.5] 6.7 3.2 5.4 10.1 12.0

Total et3.0 5.4 3.0 5.4 36.5 7.5_ 12.1 5.6 10.2 14.3 18.0

SIS 165.4 165.4- 165.4 165.4 135.8 165.4 165.4 165.4 165.4 165,41 165.4

100-DR-1 IRM Process 15.0 203.8 90.0 107.8 103.5 150.01 205.8 102.8 124.6 227.4 257.0

Il Non-Process 0.5 0.9 0.5 ,9| 3.4 0.5' 0.2 04 08 "7 0
sc. Contaminated 82.0 110.6 52.0 626 61.3 2.0 113. 51.6 64,2 1 3 8 150.0

Misc. Potential 0.0 0.0 0.0 0.0 21.8 12.0 17.6 36 72 32.8 36.0

Total 232.5 315.3 142.5 171.3 190.0 244.5 337.9 158.4 1968 3947 4440

S- 48.1 48.1 481 421 4_-______1 __ -1 __ -1 __ 1 ___ 48-1

-. - tRMProcess 051 09 09 07 1-0

IRM Non-Process _ .5_ o.9| 0. 91 3.4 0.5 0.9 0.4 OAT 1 0
-Msc Contaminated 7 5 1071 I-T i71 22 75 10 7: 52 841 18 11 21.0

Misc. Potential I 0.0 o.oJ 0.0 0.0 _4_ .5 0.9 0.4! 0.8 0.71 1.0

Total I 85 12.5 85 hz.5 32.2 ___ .814 54 12-2 
2

_.
2

T 24.0

s1s 14 | 1 9 4 49 32-- 14,9 14,91 14.91 14.91 14.9 14 9[ 100-DR-3 IRMProcess } 0.0 0.0 0.0 0.0 . 0.0 0.0 001 0. 001 op
o.o 0.0 c.0 00. 0.0 0.0 0.0 0.0[ 0.0 0.0 0.0

Misc. Contaminated 8.0 10.0 8. G 10.0j 10.0 8.0 11.0N 3.0 5.01 23.0 25.0

Misc. Potential 0.0 0.0 00 } 00 11.8 6.0 8.0 4.0[ 6.01 18.0 18.0

Total 8.0 10.0s .a 10.o 21.8 140 19.0 - 7.0 11.01 39.01 40

S171.7| 171.7| 171.7| 1717t 87.8 171.7 171.7 171.7| 171.7 171.7 171.7

100-FR-1 IRM Process 4.0 7.2 4.0 7.2 57.8 8.5 15.3 6.8 13.6 11.9 17.0

IRM Non-Process 9.0 12.01 9.0 12.0 23.6 12.0 16.0 8.0 12.0 32.0 36.0

Misc. Contaminated 30.0 36.01 30.0 36.0 24.6 30.0 42.0 6.0 12.0 90.0 96.0

Misc. Potential 59.0 81.0 29.0 33.0 23.6 59.0 81.0 43.0 49.0 70.0 80.0
Total 102.0 136.2 72.0 88.2 129.6 109.5 154.3 63.8 86.6 203.9 229.0

91S 2.7 2.7 2.7 2.7 37.2 2.7 2.7 2.7 2.7 2.7 2.7

100-FR-2 IRM Process 5.0 6.0 5.0 6.0 4.1 5.0 7.0 1.0 2.0 15.0 16.0

IRM Non-Process 0.0 0.0 0.0 0.0 0 0 0.0 00 0. 0.0 0.0 0.0

Misc Contaminated 11.5 14.9 11.5 14.9 19.3 11.5 15.9, 5.4 8.8 31.7 35.0

Misc. Potential 0.0 0.0 0.0 0.0 9.3 3.5 4.9 2.4 3.6 8.7 10.0

Total 16.5 20.9 16.5 209 32.7 20.0 27.8 88 14.6 55.4 61.0

SIS 99.8 99.8 99.8 99.8 67.6 99.8 99.8 99.8 99.8I 99.8 99.8

100-1R-1 ItRM Process 64.5 87.8 34.5 399 31.1 64.5 88.9 44.4 51.8 857 97.0

IRM Non-Process 3.0 4.0 3.0 4.0 5.9 3.0 4.0 2.0 3.0 80 9.0

Misc. Contaminated 16.5 20.9 165 20.91 23.4 16.5 22.9 6.4 10.8 467 51.0

Misc. Potential 0.0 0.0 0.0 0.0 8.8 1.0 1.8 0.81 1.6| 141 2.0

Total 84.0 112.81 54.0 648 67.2 85.0 117.6 53.61 67.2 1418 159.0

sis 2.91 2.9 2.9 2.9 27.3 2.9 2.9 2.9 2.9 2.9 2.9
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